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Putting the principles of the new 
method of signalling into operation 
which were adopted in 1919 by the 
Administration of the Belgian State Rail- 
ways (1) necessitated the provision of 
new apparatus and arrangements. The 
difficulty in the problem consisted prin- 
cipally in accurately bringing the sema- 
phore arm, that is worked at a distance, 
and by mechanical means, into one of 
the three positions, horizontal, inclined 


at 45°, or vertical, in spite of the changes 
which take place in any transmission of 
power by wires, owing to stretching and 
change of temperature. 

As the subject of the apparatus in the 
new method of signalling is intimately 
connected with that of. the transmission 
of power for working it, it is necessary 
that, first of all, the system of working 
by double wire as used on the Belgian 
State Railways should be described. 


! 


CHAPTER I. 


Transmission of power by double wire for working the signals 
on the Belgian State Railways. 


The Administration of the Belgian 
State Railways adopted the double wire 


in place of the single wire system for 
working signals in 1904. 


(*) See article on the « New system of signalling on the Belgian State Railways » by Mr. J. VeRDEYEN, 
chief engineer and inspector of operation on the Belgian State Railways (Bulletin for May 1923). 
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The advantage of double over single ing it, in fact, thanks to the return wire, 
wire transmission is chiefly due to the this lever ensures the placing of the arm 
fact that it ensures with greater certainty at danger, as it brings about its line ~ 
absolute agreement between the position clear position, by means of the wire in 
of the signal and that of the lever work- tension. 


Fig. 1. — Dise distant 
signal worked with single wire. 


Fig, 2. — Semaphore with swinging arm <> 
worked with single wire. —S ee 


Inconveniences of transmission of direct control for the line clear position 
power by single wire. — With single of the arm. In order to be placed at 
wire working, the hand lever has only danger, the latter is either subjected to 
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the action of a balanceweight, as in the 
case of the stop dises of distant signals 
(fig. 1) and with the ordinary sema- 
phores with arms that make an angle 
of 45° in a downward direction to show 
line clear (fig. 2), or else under the 
action of the weight of the arm itself in 
the case of semaphores with rising arms 
(fig. 3). 
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Fig. 3. — Semaphore with a rising arm worked 
with single wire. 


This action, due to the balanceweight 
or to the arm itself, is expected to over- 
come frictional resistances of the trans- 
mission wire on bringing this back to 
its original position when the lever is 
placed in its normal position. These re- 
sistances are, however, considerably in- 
creased on account of atmospheric con- 
ditions such as, a strong wind, falls of 
snow, or by frost, and it has often been 
observed that signals worked in this way 
and showing line clear for some length 


of time did not return to the danger po- 
sition after placing the lever to show 
this position; this was simply due to the 
action of the balanceweight or signal 
arm not being able to overcome the fric- 
tional resistances of the transmission 
wire. 

A signal worked with a single wire 
may also accidentally remain at the line 
clear position on account of the wire 
being caught by some obstacle (such as, 
rail or pieces of wood, etc., thrown un- 
intentionally on to it), or else after the 
signal has been pulled off for some time, 
by the freezing of the greasc mixed with 
water or snow in the joints of the signal 
itself. 

Finally, it is possible to lower the si- 
gnal, unknown to the signalman, by pull- 
ing the wire at any point in its length, 
though the lever itself is standing in the 
danger position. 


Working with double wire. — The 
double wire arrangement offers a solu- 
tion for these inconveniences by making 
use of, either a pulley (for instance the 
pulley of the German semaphores and 
commonly called « snail ») or else a 
balance lever on the signal itself. 


Ordinary balance lever. — It should 
be pointed out that if only a simple bal- 
ance lever is used as shown in the di- 
agram, figure 4, the inconvenience of the 
single wire working may be reproduced 
in case the pull to danger wire should 
break. 

Breaking the pull off wire would not 
be dangerous, for supposing it happened 
when the arm was standing at danger, 
it would be materially impossible to take 
the signal off by means of the hand 
lever. If on the contrary the wire broke 
when the arm was giving line clear, the 
pull to danger wire would bring it to 


danger at the instant the hand lever was 
replaced in its normal position. 


The consequences resulting from the 
breaking of the pull to danger wire are 
otherwise serious, and are in fact the 
only ones that need be considered, for if 
this wire broke when the arm was at 
danger, it would always be possible to 
put the signal to line clear, because the 
pull off wire is still intact. At the mo- 
ment, however, when the hand lever is 
placed in its normal position, as the pull 
to danger wire can no longer act, the 
return of the arm to the danger position 
depends on the action of its own weight, 
and in most cases this is insufficient to 
overcome the passive resistances in the 
pull off wire. 

It was therefore necessary to design a 
special arrangement to overcome the 
trouble that might arise if the pull to 
danger wire should happen to break. 

.The contrivance used on the Belgian 
State Railways for this purpose is the 
disengaging lever. 


Disenyaging, lever (fig. 5). — This de- 
vice is constructed in such a way that 


in case the pull to danger wire breaks, 
the pull off wire vnhooks itself auto- 
matically, either at the exact instant 
when rupture occurs, the arm at the time 
showing line clear, or else at the first 
application of the hand lever, when the 
arm is at danger. The pull off wire, 
unhooking itself at the time the arm is 
raised, the latter, wnder the influence of 
gravity, and no longer influenced by this 
wire, will immediately place itself at 
danger. 

The disengaging lever D swivels on the 
boss of the crank arm M, and is coupled 
at F by means of a pin, on the one hand 
to the crank arm M which turns on a 
spindle O, and on the other hand, to the 
jaw E of. the coupling rod working the 
arm. 

The pull to danger wire R is attached 
to the shackle B, whilst the pull off 
wire T is simply hooked on to the tail CG, 
at the other end of the disengaging lever, 
by means of a link. 

The disengaging lever is therefore only 
fixed at one point, namely, at the pin F. 
In its normal position (arm at danger) 
it is in contact with a stop G which 
forms part of the supporting bracket of 
the lever; when the arm is indicating 
line clear and the position of the lever 
is reversed, it comes into contact with 
a second stop G’ on the same support. 
The two stops G and G’ serve therefore 
to regulate the travel of the lever. 

The disengaging lever should not rise 
from its seating while it is working, and 
in order to obtain this result when ad- 
justing the wires, a somewhat higher 
tension is generally given to the pull 
to danger wire than to the pull off 
wire. 

This slight extra tension nes also the 
effect of preventing irregular unhooking 
of the pull off wire when this is being 
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worked. - As we shall see further on, 
these unhookings are always the result 
of defective adjustment of the transmis- 
sion arrangement. 


Action of the disengaging lever in case 
the pull to danger wire breaks. — If the 
pull to danger wire breaks at the time 


the arm is placed at line clear, the ten- 
sion in this wire being theoretically 
zero, and the pull off wire being at this 
moment under full working tension, the 
disengaging lever under the influence of 
this wire turns round the spindle F and 
takes the position indicated by the dotted 
lines in figure 5. In this position the 


Fig. 5. — Disengaging lever. . 


tail C being inclined below the hori- 
zontal level, the link hung on to the tail 
slips off, carrying with it the pull off 
wire and so causing the arm to fall 


automatically into the danger position. 

If the breaking of the pull to danger 
wire R takes place when the arm is at 
danger, it may happen that the pull off 
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wire T does not unhook itself instantane- 
ously, this however is of no importance, 
because this wire will be obliged to -fall 
at the first manipulation of the hand 
lever, so that the arm could not possibly 
place itself at line clear. 


Precautions to be taken in order to 
ensure proper working of the disengaging 
lever. —- If has been found in practice 
that the throwing off of the disengaging 
lever and the unhooking of the pull off 
wire does not always automatically take 
place, when the pull to danger wire 
breaks, if certain indispensible precau- 
tions are neglected. 


When the wire breaks near the hand 
lever, especially when the run is fairly 
long, and all the frictional resistances of 
the return and guide pulleys, added to 
the weight of the pull to danger wire, 
contribute to keep the disengaging lever 
on its support and so prevent it some- 
times from turning round. 

It is therefore advisable, after the 
transmission arrangement of a new si- 
gnal has been fixed, to test it by break- 
ing the wire in the vicinity of the hand 
lever. If in this case the disengaging 
lever did not turn over under the action 
of the tension in the pull off wire, or 
at least if this action did not take place 
at the first manipulation of the hand 
lever, the reasons preventing the regular 
working of this lever should be carefully 
looked for, and may generally be found 
amongst the following causes : 


1° Abnormal resistances to the work- 
ing of the pull to danger wire, due: a) to 
the presence of a too large number of 
pulleys; b) to excessive friction due to 
defective fixing up and chiefly to the run 
of the wire not coinciding exactly with 
the centre of the grooves of the pulleys 
and guide wheels; c) to the want of 


lubrication of the pulleys and the chains 
themselves ; 

2° Insufficient initial tension in the 
two lines of wire; it is obviously neces- 
sary that in case the pull to danger wire 
breaks, the tension in the pull off wire 
may act strongly on the disengaging de- 
vice, and this action may be assisted by 
bringing the compensator nearer the 
signal. It should be remarked in fact 
that the compensator balanceweight acts 
normally on each of the transmission 
wires, so that in case of rupture of 
the pull to danger wire, the action of the 
balanceweight is wholly and sharply 
applied to the pull off wire, thus tending 
to turn the disengaging lever; 


3° Turning the disengaging lever over 
round the spindle F evidently causes 
that end of the broken wire to be pulled 
towards the signal, and in doing so it 
follows a circular path round the 
centre F. This displacement of the pull 
to danger wire occurs with greater force, 
as the initial tension is itself greater; 
this might amount to from 2 to 3 m. 
(6 ft. 6 in. to 10 feet) per second and 
more at the point of rupture. 

It is evident that no obstacle should 
interfere with or oppose this recoiling 
action of the pull to danger wire towards 
the signal at the time the wire breaks. 
It happens, however, that sometimes this 
motion is neutralised by the fact that 
some working part (such as a coupling 
screw, connecting piece, etc.) placed too 
near a pulley or wire wheel may wedge 
itself between the groove of the pulley 
and its carrier and thus prevent the dis- 
placement of the disengaging lever; 

4° Care should be taken that there is 
no obstacle which might prevent this 
lever rotating. The angle of the slope 
of the tail, which is determined when 
constructed by means of a gauge, must 
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not be altered under any pretext what- 
ever. The solid link forming the end 
of the pull off wire and hung on to the 
tail should be, like the latter, perfectly 
smooth and of sufficient width, and at 
the inspections of the semaphore it 
should be seen that no hollow has been 
formed in this tail which might prevent 
the link from slipping off, even when 
the lever has been properly displaced. 


Figure 5 shows the lever D and the 
crank M placed together between the 
cheeks of the jaw F forming the end of 
the rod which works the signal arm. In 


and a distant dise signal, both worked 
with the double wire through the me- 
dium of a disengaging lever. 


Steel wires. — The Administration of 
the Belgian State Railways makes use of 
cast steel wire 4.19 mm. (0.165 inch) 
diameter for signal working, and 5 mm. 


this case the amount the lever can turn 
round is limited by the bottom of the 
jaw. It is necessary therefore that the 
jaw should be sufficiently deep so that 
the angle of the displaced lever should 
be sufficient to allow the link, hooked 
on to the tail, to slip off. 


The coupling rod working the sema- 
phore arms in the new system of signal- 
ling is joined to the crank M only in 
such a way that the disengaging lever 
may completely turn to the proper posi- - 
tion. Figures 6 and 7 show respec- 
tively a semaphore arm of the old kind 


(0.1497 inch) diameter for working 
points and the bolts of these points. 

According to the specifications in pres- 
ent use, these steel wires should satisfy 
the following conditions : 

A. — The steel should be capable of 
being properly tempered after being 
heated to cherry red. 
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B. — The resistance to fracture per 
square millimetre of sectional ‘area 
should be at least 100 kgr. (142 230 lb 
per square inch) with a maximum 
elongation of 5 9% measured over 
200 mm. (8 inches) between gauged 
points. 

C. — The number of successive bend- 
ings from right to left the steel wires 
must undergo without fracture in a vice, 
whose edges are rounded to a radius of 
10 mm. (3/8 inch), must be at least ten 
for 4.19 mm. (0.165 inch) wires, and at 
least 8 for 5 mm. (0.197 inch) wires. 
The wire is fixed vertically in the vice 
and is first bent 90° to the left, and then 
through an angle of 180° so as to bring 
it 90° to the right; the third bending 
brings it back to the position of 90° to 
the left, and so on. 

It must be possible to form a spiral 
with the wire of at least ten turns, 
without showing a crack either side- 
ways or centrally, round a cylinder of 
the same gauge in diameter, therefore 
round itself and without showing any 
splitting, cracks or peeling, either in the 
galvanised coating or in the steel itself. 

It should, moreover, be possible to 
form a loop from the wire with parallel 
legs, and which after bending has the 
shape and dimensions shown in figure 8. 
This bending should be done without 
heating it previously and with pliers 
used by the Administration of the Bel- 
gian State Railways for this purpose. 


No splitting or cracking must result 
from this bending either in the galvan- 
ised coating or in the steel itseif. 

D. — The galvanised surface of pure 
zine should show neither splits, cracks 
nor drops of metal, and the wire should 


be able to support, without becoming 
bare or red, even partially, four dip- 
pings of a minute each in a solution made 
up of one part sulphate of copper and 
five parts water. 

Before dipping, the wire is rolled 
round a cylinder 4 cm. (1 9/16 inches) 
in diameter, and the coating of zinc 
must not split or peel away in any part 
during the tests as described above. 

E, — The steel wire must be delivered » 
in coils weighing from 40 to 50 kgr. 
(88 to 110 Ib.) ‘and the lengths of the 
wire in each coil should be as long as 
possible, 


The ultimate breaking strain allowed 
is 1378 ker. (3 037 Ib.) for the 4.19 mm. 
(0.165 inch) wire, and 1962 ker. 
(4 325 Ib.) for the 5 mm. (0.197 inch). 


Stranded wire. — During the years 
which preceded the war, the Administra- 
tion of the State Railways made large 
use of stranded wire of galvanised cast 
steel. . 

This wire, of 6.9 mm. (0.272 inch) 
diameter, was composed of six strands 
of twelve wires and a core of seven 
strands of hemp. 

The elastic elongation of stranded 
wire is much greater than that of steel 
wire, and when somewhat long lengths 
are used for transmitting the power re- 
quired, stretch takes place, which is 
particularly objectionable in the case of 
points where any loss in the stroke 
causes a proportional effect on the un- 
bolting of the point when closed, and a 
displacement out of its proper position 
when open. 

This elongation, however, is not the 
only inconvenience caused by stranded 
wire, for experience has proved that after 
a few years use it has deteriorated to 
such an extent that it ends by breaking, 
for it is in fact only necessary for one 


of the strands of which it is made to 
break to seriously affect its powers of 
. resistance. The life of stranded wire 
might be greatly lengthened if it were 
reguiarly greased by men charged to 
“maintain it in good order, but in prac- 
tice it would be difficult to properly 
look after installations that are fixed all 
over the line with any degree of care and 
regularity, and it has been proved that 
where these wires are in constant work 
it is necessary to renew them after about 
three years. 

It will be seen therefore that in spite 
of the advantages possessed by stranded 
wire, such as lightness, flexibility, fa- 
culty, on account of its small diameter, 
of being able to use comparatively light 
pulleys, it would be difficult — on ac- 
count of its serious drawbacks, such as 
excessive elongation and rapid wear — 
(o make use of it, and several foreign 
railways who tried it temporarily gave 
it up. 

It was found, chiefly from trials made 
on the Saxony State Railways during the 
period from the 1 January 1908 to the 
{ April 1909, that with 2875 points 
worked with wire, 64 fractures occurred 
with stranded wire and none with the 
plain wire, and with 3688 signals, 
3 wires were found broken and 103 
stranded wires. 


no 


information, 
similar statistics have been got out on the 
Belgian State Railways, but the trials 
made with stranded wire showed that it 
constituted a weak point in the trans- 
mission of power, so it was decided to 


According to our 


use instead light chains with small links 
(see fig. 9). 


Light chains. — These are made of 
ivon, hand welded, or else of steel elec- 
trically welded, the breaking strain of 
which must not be below 1200 ker. 
(2 640 Ib.). 

Stranded wire was never exclusively 
used on the Belgian State Railways, but 
instead, to a certain extent, either the 
light chain or else a stronger chain, the 
breaking strain of which amounted to 
1800 ker. (39060 Ib.), with outside di- 
mensions 36 mm. & 23 mm.’ (1 1/4 
> 7/8 inches). 

Nevertheless, in spite of its increased 
strength, this latter chain was abandoned 
on account@f its weight and dimensions, 
which necessitated pulleys with larger 
grooves, making them heavier and more 
cumbersome. 


Pulleys. — The adoption of light chains 
made it possible to construct a special 
type of pulley in cast iron 300 mm. 
(14 7/8 inches) in diameter shown in 
figure 10. 


Vertical carriers for 300 mm. (41 7/8 
inch) pulleys. — The vertical carriers 
for pulleys are fixed under the signal 
boxes for the outlet of the wires joined 
up to the hand levers. 

These are of two kinds: the vertical 
carrier for one pulley only (fig. 11) used 
in those installations worked by means 
of rods, and vertical carriers for four 
pulleys (fig. 12) used in installations 
where points and signals are worked with 
the double wire arrangement. 

The first kind of carrier is fitted with 
two holes which allows the pulley to be 
fixed by means of a pin at two different 
levels, for reasons which an examination 
of figure 13 will make clear. 


Fig. 10, — Pulley 300 mm. (14 7/8 inches) in diameter Fig. 44. — Vertical carrier 
for light chains. for 300 mm. (14 7/8 inch) pulley. 
é 


Fig. 12. — Vertical carrier for four pulleys 300 mm. (14 7/8 inches) in diameter. 
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Vertical carriers fitted with four pul- transmissions descending from _ two 
leys are used for sending along double adjoining levers (fig. 14). 


Fig. 14. Fig. 15. — Horizontal frame with two stages 
and four pulleys 300 mm. (11 7/8 inches) in diameter. 
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Fig. 16. — Horizontal frame with two stages and eight pulleys 300 mm. (41 7/8 inches) in diameter. 


These contain three holes, one of which higher level than the second pulley and 
is at the top and in the vertical centre line its corresponding second wire, in order 
of the carrier, thus allowing the pulley to avoid any friction from the wires 
and its transmission wire to be at a rubbing together. The two lower holes 
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drilled on the same level allow the hori- 
zontal working of the wires to be effect- 
ed either backwards or forwards. 


Horizontal frames for pulleys. — For 
purposes of simplification, no frames for 
two pulleys only have been constructed. 
Frames made for four pulleys (fig. 15) 
are used for working four or two wires. 
In the latter case it is evident that only 
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Fig. 17. — Horizontal frame with four stages 


and, eight pulleys 300 mm. (11 7/8 inches) in diameter. 


outside the signal boxes, where the nu- 
merous wires being particularly close 
together, may be arranged in stages 
without inconvenience. 

Horizontal frames are fixed by means 
of bolts to wooden tressels for a founda- 
tion. These tressels are made from 
rectangular pieces of wood 0.30 0.45 m. 
(4417/8 X 57/8 inches) cut from material 
that had been in use and put out of 
service. These pieces of wood are as- 
sembled together so as to form a rather 


two. pulleys are placed in the frame. 
Frames containing eight pulleys fixed in 
two stages (fig. 16) and even as many 
as twelve pulleys, also in two ‘stages are 
used on account of the small vertical 
space they require when having to trans- 
mit their power underneath the lines, 
whilst frames containing eight pulleys 
fixed in four stages (fig. 17) as well as 
those with twelve pulleys, are placed just 


Fig. 18. — Guide pulley for wires. 


large base (about one square metre 
[10.76 square feet] ‘for the simplest 
frames). The tressel thus formed is 
placed in the ground and rammed round 
with a mixture of soil and old ballast so 
that the frame keeps perfectly stable, 
even under the greatest strains that may 
be applied to it. 


Guide pulley for wires (fig. 18). — 
The Administration of the Belgian State 
Railways uses guide pulleys for wires 


| 
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made of malleable cast iron and 127 mm. 
(5 inches) in diameter. These pulleys 
are mounted in couples on a pin fixed 
in a carrier made from a stamping of 
mild steel. A second pin passing through 
the top part of the carrier prevents the 
wire from slipping out of the pulley 
groove. 

On account of their lightness (they 
weigh 330 gr. [11 1/2 ozs] and their 
large diameter, the frictional resistance 
due to these pulleys is relatively small. 

The pulley frame is fixed to the carry- 
ing post bracket by means of a bolt and 
can be placed at an angle when necessary, 
in cases where the wire has to pass round 
a curve, etc. 

When this happens, a bracket should 
be fixed in such a way that the angle at 
which the frame is inclined keeps the 
lower part of the pulley away from the 
short post to which it is attached, other- 
wise the framing might cause the pulley 
to come into contact with the post and so 
cause unnecessary friction. When trans- 
mitting power round curves, the tension 
of the wires is adjusted before screwing 
up the nut of the suspension bolt. 
These pulleys find their correct position 
for themselves under the action of the 
tension in the transmitting wire. 


Guide pulley carrying posts. — Before 
the war, either oak posts 012 « 0.42 m. 
(4 3/4 inches square), or else entirely 
metallic ones, described in the Bulletin 
of the Railway Congress for October 1907, 
were used. 

Since the war, the high price of oak, 
as well as metallic posts, led us to suggest 
the adoption of a simple and cheaper 
kind. 

As shown in figure 19, this post is 
formed from a « T » iron, the foot of 
which is coated with a mass of concrete 
of square section. This coating of con- 


crete, while thoroughly protecting the 
metal, also presents a surface large enough 
to give to the post the requisite stability. 
The faces of the « T » iron are slightly 
jagged in. order to give the concrete a 
better grip of. the metal. 


Fig. 19 — Metallic post 
coated with a mass of concrete at its lower part. 


Brackets. — The posts have been de- 
signed for carrying two kinds of brackets, 
those drilled with three holes and those 
with two (fig. 19). For purposes of 
standardisation, these brackets can be 
fastened to the post with the same size 
bolt as that used for attaching. the wire 
guide pulleys, and can be fixed one above 
the other on the post and carry pulleys 
on each side of it. One post fitted with 
four three holed brackets can therefore 
carry.a maximum of twenty-four guide 
pulleys for wires. 
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Coupling pieces. — The form of joints 
for coupling wires either together or to 
a chain has always been a subject of 
interest to railway companies. The 
danger of a broken wire is always kept in 
view, as it is well known that in case of 
this happening a signal might remain at 
its line clear position or cause a set of 
points to be out of pitch with its hand 
lever. 


Soldered joints. — The Germans, dur- 
ing their occupation of our country, 
introduced on our railway system the 
soldered joint, which is in general use on 
German and Dutch railways. 

This consists, as we know, of laying 
the two ends of the wires side by side for 
a distance of 100 to 120 mm. (4 to 
4 3/4 inches) and soldering them toge- 
ther, this is then bound, with thin steel 
wire and afterwards the whole joint thus 
made is varnished. 

These joints are very strong when made 
with care, and their resistance to rupture 
is not less than the wire itself; they have, 
however, the objection of being costly, 
they take a long time to make and it is 
necessary to use a special solder. 


Vincent coupling. — Until lately the 
Administration of the Belgian State Rail- 
ways have made use of the Vincent 
coupling with split link in order to 
couple up either two wires or else a wire 
and light chain (fig. 20). 

The Vincent coupling joint (fig. 21) is 
made of malleable cast iron, and the wire, 
after being threaded into it, is bent by 
means of a special tool into. a hollow 
formed in its interior. The latter is pro- 
vided with an eyelet through which either 
a split link or hook (fig. 22) is passed in 
case the wire is connected to stranded 
wire. 

It is therefore necessary when joining 


two wires together to have two coupling 
pieces which are joined together by means 
of a split link, and when it concerns 
connecting a wire to a stranded wire, 
one coupling and a hook are necessary. 

The breaking strain of the round split 
link does not exceed 600 kgr. (4 320 Ib.) 
and consequently formed a weak point in 
the transmission arrangement, for the 
minimum resistance to fracture of a chain 
is 1200 kgr. (2640 lb.) and that of a 
419 mm. (0.165 inch) wire of 1 378 kgr. 
(3 037 Ib.). 

Breakages of the transmission arran- 
gement have been noticed fairly frequent- 
ly in practice due to the opening of these 
split links, and also, but more rarely, the 
breaking of the coupling itself which 
happens to the outside portion of one of 
the two cheeks in which the eye-hole is 
made. 

The problem therefore was to design 
a stronger coupling, the breaking strain 
of which approximated as nearly as pos- 
sible to that of the chain and steel] 
wire. 

With this object in view, the Adminis- 
tration in 1922 had the round sectioned 
split link changed for one of rectangular 
section, the minimum breaking resistance 
of which was 1000 kgr. (2200 Ib.); it 
strengthened also the cheeks of the Vin- 
cent coupling so as to sensibly increase 
its resistance to fracture. 

The adoption of the Minet coupling by 
the Administration of the State Railways 
in 1922, abolished the use of the split 
link and made it possible to make con- 
nections having a very high resistance to 
rupture reaching 1754 kgr. (3860 Ib.) 
with a 5 mm. (0.197 inch) wire (*). 


(4) Test of a5 mm. wire joined to a screw coup- 
ling by means of an M coupling. (P. V., No. 1325, 
29 November 1922, at the testing department, 
Malines.) 


Fig. 20. — Coupling two wires together by means of two V joints and a split link, 
also coupling a wire to a light chain by means of a V joint and a split link. 
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Fig. 21. 
Vincent coupling. 


Fig. 22. — Coupling a solid wire to a stranded wire by means of a V joint and a W hook. 


This coupling, made of malleable cast 
iron, is shown in figure 23. The end of 
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Fig. 23. — Minet coupling. 


the wire to be joined up to a chain, for 
instance, is passed into the longest hole 
of the coupling and then bent round to 
form a loop by means of a special tool 
shown in figure 24; the loop thus formed 
is passed either into the link of the chain 
(fig. 25), or else into the corresponding 
loop of another wire (fig. 26). This 
hooking up being done, the second hole 
in the coupling joint is passed over the 
bent end of the wire, the extremity of 
which is finally hammered down into a 
groove made in the slanting portion of 
the coupling. 

This bending down is done with the 


hammer, as shown in figure 27, care 
being taken to keep the loop well in po- 
sition by means of special pincers 
(fig. 28). The loop being tightly grip- 
ped with the pincers, the bending down 
is easily done with two or three blows 
of the hammer, the joint resting on any 
suitable metal block. 

The average resistance to rupture on 
eight tests with 419 mm. (0.165 inch) 
wires and light chains joined by means 
of M couplings has been as high as 
1424 ker. (2 466 lb.) and up to 1 282 ker. 
(2 820 lb.) for similar arrangements with 
5 mm. (0.197 inch) steel wires. The tests 
usually ended with the breaking of the 
chain (*). 

The average resistance of four 5 mm. 
(0.497 inch) steel wires attached to 
screwed couplings by means of an M 
coupling joint was 1480 ker. (3256 
Ib.) (?). 

The maximum breaking strain observed. 


(4) P. V. tests, Nos. 160, 18 February 1922, 343, 
24 March 1922, and 904, 17 August 1922. 
(?) P. V., No. 1325, 29 November 1922. 
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Fig. 24. — Tool for bending steel wires. 
(The arms are opened out and the wire is inserted in the groove D for bending.) 


Fig. 25. — Joining a wire to a chain by. means Fig, 26. — Joining two wires by means 
of an M coupling. of two M couplings. 


Fig. 27. — Bending the wire down in the M coupling joint groove. 


Fig. 29. — Joining two wires through the medium of a screw coupling with improved eyelets by means’ of two M couplings. 


Explanaiion of French terms : Racecord M = M coupling. — Tendeur pour fil= Screw coupling for wire. — Fil= Wire. 
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during this test was 1754 ker. (3.860 Ib.), 
as stated above. 

Figure 29 shows a combination of 
a wire and screw coupling (the eyelets 
of the latter having been altered for the 
purpose). Figure 30 shows the joining 


up of a wire to a disengaging lever by 
means of an M coupling and solid link. 
Figure 34 shows the joining up of a wire 
to a stranded wire by means of an M 
coupling, a solid link and a W hook, 
whilst figure 32 shows the method of 


Fig. 80. — Connecting a wire to the disengaging lever 
by means of an M coupling joint and a solid link. 


Explanation of French terms : Balancier 4 déclic = Disengaging lever. 
Maillon = Link. — Raccord M = M coupling. 
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Fig. 34. — Joining up a wire and stranded 
wire by means of an M coupling, a W hook 
and a solid link. 


arranging a junction of transmission 
wire by means of a trefoil plate and three 
M couplings. 

It might be said that the new coupling 
joint will cause friction between the 
wire or between the wire and the link 
of the chain. The loop of this coupling 
is, however, only a link inserted in the 
chain and submitted to precisely the 
same strains and causes for wear as any 
other link, and if we consider that the 
metal of the steel wire is of much greater 
strength and hardness than that of the 
chain links, it is absolutely certain that 
the wear in the links will be much more 
rapid than that of the loop. 

Even if the galvanising of the latter is 
worn off by friction, it may be pointed 
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Fig. 32. — Combination of three wires 
connected together by means of a tref- 
oil-plate and three M couplings. 


out that this will leave the loop in the 
same condition, as far as its resistance 
to oxydisation is concerned, as the links 
forming the chain which have not been 
galvanised, so that all that is necessary 
is to regularly lubricate these loops, as 
should be done with the chain links. 


Tool for bending the wires (fig. 24). — 


The end of the wire may be inserted by 


passing it under a roller, either into the 
groove C,which is made for the 4.149 mm. 
(0.465 inch) wire, or else as shown in 
the figure in groove D made for the 
5 mm. (0.497 inch) wire. The gauge 
mark G shows the limit corresponding to 
the length of the loop required. 

The wire having been inserted, the 
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handle A is brought down on to the 
handle B describing an angle of 180°. 
It should be seen that before bending the 
workman has hooked on the wire by 
means of a special arrangement KF, vul- 
garly called a « frog » (grenouille) and 
fixed to the handle B. This device for 
automatically gripping the wire is to 
prevent the latter slipping forward dur- 
ing the bending process. By this method 
the roller, fixed on the lever A, follows 
along the length of the wire in the course 
of bending it and so produces a loop 
which is rounded very regularly. If this 
gripping device were absent, the wire 
would be dragged forward during the 
bending process, the roller would act 
only on one section of the loop, which 
would therefore be of an irregular shape. 


Compensators. — Compensators are 
for the purpose of maintaining a constant 
tension in the run of the wires when 
at rest whatever the variations in tempe- 
rature may be. 


In double wire working, either com- 
pensators with double balanceweights 
may be used arranged in such a way that 
each balanceweight acts separately on 
each wire, or else compensators with one 
balanceweight acting simultaneously on 
the two wires. This latter method is the 
one used by the Administration of the 
Belgian State Railways. 

It is evident that a compensator with 
one balanceweight is based on the suppo- 
sition that expansion or contraction are 
identical in the two transmission wires. 
It is therefore indispensible that the pull 
off wire as well as the pull to danger 
wire should be of exactly the same length, 
and further, that they follow the same 
course in order that they may work in 
identical conditions as regards the sur- 
rounding temperature. 

Figure 33 shows a _ diagrammatic 
representation of a double wire arran- 
gement fitted with a compensator with 
one balanceweight only. 

At a portion of their course, the two 


wires (pull off wire ¢ and pull to 
danger wire r) pass over six pulleys fixed 
in couples on a same spindle. The double 
pulleys m and n are fixed, but the po- 
sition of the double pulley o can change; 
its frame being supported by a stranded 
wire to the extremity of which a balance- 
weight P is hung, tends to pull the pulley 
frame upwards and thus causes a tension 
in the wires. 

These being ‘adjusted at a given tem- 


perature, it may be seen that any expan- 
sion due to a rise in the latter is 
compensated by the action of the balance- 
weight which comes down, pulling after 
it the two wires, and any contraction due 
to a lowering of temperature causes the 
balanceweight to rise. 

This arrangement alone, however, is 
not sufficient to make a compensator 
work with regularity; in fact, when’ the 
signal “is operated, the “increased strain 
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momentarily created in the pull off wire 
would have a tendency to raise the 
balanceweight before the signal arm 
which might prevent this being placed at 
line clear or at least cause irregular 
working. It may be said, however, that 
this inconvenience would disappear by 
making use of a balanceweight sufficient- 
ly heavy to prevent its displacement 
under the action of the strain in working 
the pull off wire. 

A balanceweight of this character, 
however, would cause excessive tension 


in the two wires, and it is therefore 
necessary to arrange the compensator so 
that any action on the part of the balance- 
weight may be eliminated while the lever 
is being worked and during the whole 
time the signal is off. 

In most cases, the arrangement design- 
ed for compensators is based on the use 
of a toothed rack, which is the method 
employed by the Belgian State, and a 
description of it is given below (see 
fig. 34). 

The two wires coming from the cabin 


Fig. 34. — Compensator used by the Belgian State. 


first pass under two guiding pulleys C 
fixed on the same spindle; they then 
pass over the top part of the grooves in 
pulleys C’ which are also fixed side by 
side on a same spindle carried by a 
frame G. From this point the wires 
proceed towards the signal, first passing 
under the two pulleys G” fixed also on a 
same spindle. 

Pulleys G and C” are fixtures and 


their spindles are carried by the frame- 
work of the compensator, but pulleys C’ 
are not so arranged, their carrying frame 
being able to move vertically, and this is 
connected to the balanceweight by means 
of a steel wire cable passing over the two 
corner pulleys D and B. The latter is 
fitted with a helicoidal groove, thanks to 
the particular arrangement of which the 
action of the balanceweight varies accord- 
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ing to its position, and consequently 
according to the angle formed by the two 
transmission wires with the pulley C’. 
It is in fact obvious that in order to 
maintain a constant tension in the wires, 
the action of the balanceweight must vary 
according to the size of this angle. 

The balanceweight is made up of loose 
cast iron plates, and consequently can be 
varied in weight according to the length 
of the run of the wires and their resis- 
tances. 


Range of travel allowed to compensa- 
tors. — Every compensator is allowed a 
maximum working range calculated on 
the extreme variations of temperature 
that may take place in our climate. 
Those of the Belgian State are construct- 
ed for variations of temperature lying 
between —20° and +35° C. (—4° F. and 
-+95° F.). 

Figure 35 shows diagrammatically the 
extreme position of the pulley frame, at 
C’ with —20° C. (—4° F.) of cold and 
Q’” with +35° C. (+95° F.) of heat. 


Fig. 35. 


For a difference of 55° C. (99° F.) of 
temperature the compensator allows an 
extention of the wires equal to the dif- 
ference between the lengths CC/”C” and 
CC/C”. Now this difference is known 
as it results from the construction of the 
compensator itself, especially the dimen- 
sions C”, OC’ and the length C/C’” which 
is that of the maximum stroke of the 
pulley frame along the racks. 

Knowing 1° the maximum elongation 
to compensate for (resulting from the 


construction of the compensator); 2° the 
greatest variation in temperature which 
is supposed to be 55° C. (99° F.) and 
3° the coefficient of linear expansion 
which is 0.000012 for steel, we can deter- 
mine the working stroke of the com- 
pensator by dividing the first term by the 
product of the two others. 

We should point out at once, however, 
that this purely theoretical calculation 
does not take into account initial strains, 
the existance of which, as we shall see 
later on, completely modify the conditions 
of elongation and contraction in the run 
of the wires. 


Adjusting the compensator. — It is 
necessary when the compensator is fixed 
to determine the height of the frame 
carrying the pulleys C’, taking into ac- 
count the temperature at the time and 
the variations which may occur after- 
wards. 

The Belgian State type is constructed 
for controlling a length of 800 m. 
(875 yards) under a variation of tem- 
perature equal to 55° C. (99° F.). 

Scales for adjustment are engraved on 
the rack along which the pulley frame 
moves, varying according to the length 
of the run of the wires for which the 
compensators are destined. 

Figure 36 shows two adjusting scales, 
one of which is calculated for a length 
of 800 m. (875 yards) (maximum length 
to control), the other for a length of 
400 m. (437 yards). 

When adjusting, the man charged with 
the work takes the temperature with a 
thermometer and fixes the bottom part of 
the pulley frame to the figure giving the 
number of degrees centigrade which he 
has observed. 


The pulley frame and racks. — The 
pulley frame G carrying the movable 
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pulleys C’ travels vertically between two 
toothed racks, the whole arrangement 
being for the purpose, as we have seen, 
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Fig. 37. 
Pulley frame and racks of the Belgian 
State type of compensator. 


rack are partially engaged in notches in 
the pulley frame. At the bottom of the 
notch in the lower cross piece of the 
frame, the latter is cut in the form of a 
knife edge. 

When this frame rises or falls freely 
(its centre line exactly following a ver- 
tical line) no catching in the rack takes 


to fix the pulley frame at the instant the 
signal is worked. 
As shown in figure 37, the teeth of the 
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Fig. 36. Fig. 38. 
Adjusting Modified form 
scales. of rack. 


place, the knife edge being some milli- 


metres away from the projecting edges 
of the rack. 

If for some reason or other the frame 
is inclined at an angle to either side, a 
knife edge will catch in the teeth of one 
of the two racks and the shape of these 
teeth will offer an obstacle to the descent 
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of the pulley frame. This could, how- 
ever, continue to rise, as it would follow 
the successive inclined faces of the teeth 
without being caught by them. 

The pulley frame is freely suspended 
by means of a cable threaded through an 
eyelet formed in the top of it (in the 
centre line of the apparatus) being guid- 
ed by the cheeks of the racks passing 
through the notches and cannot get out 
of place, except by inclining sideways in 
a plane perpendicular to that of the 
pulleys. 

The pulley frame is under the control 
of three forces; the first one is that of 
the balanceweight which acts along the 
vertical centre line from bottom to top; 
the two other forces are resultants of the 
strains in the two wires over the two 
pulleys; these resultants act vertically 
from top to bottom and pass through the 
centre of the pulleys; as these are sym- 
metrical as regards the centre line of the 
pulley frame, the latter remains in 
equilibrium if these resultants are equal 
to one another. 

This is supposed to be the case when 
the wires are not being worked, for then 
the pulley frame can freely follow its 
vertical motion from bottom to top, when 
the action of the balanceweight predo- 
minates, and from top to bottom, to the 
contrary, when any increased tension in 
the wires tends to raise the balance- 
weight. 

When the hand lever is worked, how- 
ever, the greatly increased tension pro- 
duced in the pull off wire upsets the 
equilibrium, and the pulley frame leans 
sideways (the top part inclining towards 
the pull off wire) and the knife edge of 
the lower crossbar catches in the rack 
fixed on the side of the pull to danger 
wire. The frame can no longer descend, 
and as the surplus tension in the pull off 
wire tends to assist this, it is held up 


during the whole time the signal is 
showing line clear. 


Inconveniences of the rack. — If the 
two transmission wires. are theoretically 
at an equal tension when at rest, this is 
not exactly so in practice. 

With double wire transmission work- 
ing a disengaging lever, there is nearly 
always a difference of initial tension 
between the two wires, the pull to danger 
wire being generally more stressed than 
the pull off wire so as to keep the dis- 
engaging balance lever on its seating and 
prevent its rising at the moment it is 
worked. 

This difference of tension between the 
two wires when at rest. (it is generally 
less than 10 kgr. (22 lb.) is, however, 
sufficient to incline the pulley frame 
which is caught in the rack on the side 
of the pull off wire. 

It is therefore often found in praetice 
that the pulley frames become hooked 
when -in a state of rest, this hooking 
preventing the frame from coming down, 
but not from rising, the result being in 
these cases that the compensator no lon- 
ger acts upon wires contracting from 
cold, but continues working in case of 
expansion, as the form of the rack teeth 
does not prevent the pulley frame rising. 

To sum up, this inconvenience caused 
by catching when at rest can only create 
excess tensions in the two wires, and as 
they are produced at the same time in 
both of them, they will not influence the 
position of the signal, which is the es- 
sential point. 

It has often happened, however, that 
during intense cold, these excess tensions 
produced by the catching of the pulley 
frame were so great that the working of 
the hand lever became impossible and 
made: it necessary to unhook the frame 
to relieve the situation. In these cases 
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the frame was so tightly jammed that a 
lever had to be used to release it from 
the rack. 


Trial of a modified rack. — We 
endeavoured to find a solution for this 
inconvenience by changing the shape of 
the rack teeth, and the Administration of 
the State Railways has on trial compen- 
sators having a rack of the form shown 
in figure 38. 

The teeth in the rack were replaced by 
simple waved formed ones, which we are 
of opinion will hold the framing up 
when being worked, but not while it is 
in a condition of rest. 

The forces which bring about the 
slanting of the pulley frame are very 
different in the two cases: while being 
_ worked the difference in tension between 
the pull off wire and the pull to danger 
wire may be as high as 100 ker. (220 lb.), 
while it varies from 5 to 10 kgr. (11 to 
22 Ib.) when at rest. 

In the latter case, even when the knife 
edge of the pulley framing is caught in 
the rack, contractions resulting from a 
lowering of temperature have an action 
that is greater than the frictional resist- 
ance caused by the application of the 
pulley frame on to the rack under a dif- 
ference of tension of 5 to 10 kgr. (11 to 
22 \b.). Under these conditions, on 
account of the new shape of the rack, the 
frame is not prevented from descending 
when acted on in this way. 

On the contrary, when .the knife edge 
of the frame comes into contact with the 
rack when the hand lever is applied, the 
frictional resistance of the frame and 
rack under the action of a much greater 
force suffices to hold the frame up, and 
all the more so that the hollows of the 
wave shaped rack oppose to a certain 
extent its descent. 

The altered compensators which have 


been in service for nearly two years have 
given satisfaction. The catching action 
is completely done away with when the 
system is at rest, and the working of the 
pulley frame. perfectly corresponds with 
the variations in temperature. 

In order to test the sensitiveness of a 
compensating arrangement, daily read- 
ings were taken (morning, noon and 
evening) during a month, of the tem- 
perature at the time and the position of 
the pulley frame with respect to the rack. 

The diagrams showing the variations of 
temperature and the variations of the 
height of the pulley frame should be as 
parallel as it is possible to be. 

This is the result which has been 
obtained during the month’s observations 
of the working of a rack of wave form. 

While working the arrangement, it has 
been noticed that occasionally the pulley 
frame made a few jumps before catching. 
The latter effect is perhaps not so instan- 
taneous as with racks fitted with sharp 
teeth, but as far as we know, it has never 
interfered with the proper working of 
the signal arm. 


Small compensators of the German 
type (fig. 39). — The Germans, during 
their occupation of the country, fitted 
up for signal working a large number of 
small compensators, the construction of 
which, though completely different from 
the one first described, is neverthel 2s 
based on the same principle. The signal 
department has altered the construction 
of these compensators by giving them a 
greater stability and adding certain im- 
provements in the carrying of the pulley 
frame, so as to lessen the tendency of the 
arrangement catching when at rest. 
This modified compensator is shown in 
figure 39. A lever turning on a spindle 
passing through a vertically fixed channel 
iron which supports all the apparatus 
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carries the four pulleys and the balance- 
weight. The latter may be slipped along 
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the lever in order to vary its power of 
action. 
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Fig. 39. — Modified German compensator. 


The two pulleys fixed on the opposite 
end to the balanceweight turn on a 
spindle carrying the pulley frame which 
is fitted with a mortice slot through 
which the rack passes: When the front 
pulleys rise on account of the lowering 
of the balanceweight due to the expansion 
of the wires, the pulley frame rises with 
its mortice slipping along the rack. The 
sides of the mortice do not catch in the 
rack until a difference of tension takes 


place in the’ transmission wires. In 
order to allow the spindle carrying the 
pulley frame to incline slightly, the 
signal engineers have had the holes drill- 
ed in the two plates forming the carrying 
lever made oval. 

The working of this apparatus thus 
altered is fairly satisfactory, but its 
general utility covers only a narrow range, 
and while the compensators of the Belgian 
State control a range of 800 m. (875 
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yards) long, these can only be usefully 


- employed on runs of 400 m. (437 yards) 


at the outside. 


The necessity of compensators. — If we 
consider a transmission arrangement 
1000 m. (1100 yards) long adjusted to 
a temperature of 10° C. (50° F.), and that 
this may be increased to +-35° C. (95° F.), 
we know that. the elongation due to this 
increase of temperature of 25° C. (45° F.) 
will be 1000 « 25 x 0.000012 — 30 cm., 
and if to this elongation (which causes 
a loss in the travel) we add the losses 
resulting, at the moment of working, 
from the stretch of the wire and the 
reduction of the sagging between the 
posts (of light chains), it will be seen 
that it is theoretically impossible to work 
without a compensator a signal arm 
controlled by this arrangement, given that 
the maximum loss in travel to be made 
good is about 30 cm. (411 5/8 inches) 
(difference between the 50 cm. [19 1/2 
inches] travel at the hand lever and that 
of 20 cm. [7 7/8 inches] at the disen- 
gaging lever). It is, however, perfectly 
possible to work a signal arm 1000 m. 
(1100 yards) away without a compensa- 
tor and without even being obliged to 
make a reduction of the travel at the 
foot of the signal post. 

It is known that the elongation of a 


‘wire under tension is not calculated, as 


mentioned above, as the increases in 
temperature have the effect of diminish- 
ing the initial strains before producing 
any elongation. 

During the testing of a set of points, 
worked by a double wire transmission 
nearly 600 m. (650 yards) long put down 
with an initial tension of 70 kgr. (454 Ib.) 
without a compensator, we were not able 
to trace any perceptible losses in the 
travel of the wires during our daily 
observations, in spite of variations in the 


temperature, these having the effect ot 
influencing the initial tensions only. 

In Holland, compensators are not 
generally used with transmission wires of 
signals less than 1000 m. (1100 yards) 
long or with those for points of a length 
sometimes as much as 550 m. (600 yards). 
Compensators have been generally abo- 
lished in Austria and in Hungary. In 
certain parts of Germany, notably in 
Wurtemberg, advance signals are some- 
times worked without compensators at a 
distance of 1000 m. (14100 yards). 

The effects of expansion are overcome 
by increasing the initial tensions and 
adjusting the transmission wires twice 
a year : at the commencement of Winter 
and at the beginning of Spring. 

The Administration of the Belgian 
State Railways has also begun to abolish 
compensators on short lengths. For trial 
purposes, compensators fixed to certain 
transmission wires for signals less than 
800 m. (875 yards) away and for points 
less than 500 m. (550 yards) away have 
been removed. The points chosen for 
these tests being only those in which the 
train enters by the heel. 

Up to now no inconvenience has been 
noticed due to doing away with these 
compensators. 

We are of opinion, however, that for 
three position signals where a very fine 
adjustment of the transmission wires is 
necessary, it is prudent to fix compensa- 
tors in any arrangement longer than 
600 m. (650 yards). 


Compensators for wires working points. 
~~ We have seen the effect of a compen- 
sator on disengaging balance levers in 
case the pull to danger wire breaks. 
This action of the compensator may 
cause trouble in case the wire working a 
set of points breaks; in fact, if the rup- 
ture takes place in the wire having pulled 
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the points over in the preceding operation, 
the whole force of the compensator’s 
balanceweight being brought suddenly on 
to the other wire may completely reverse 
the operating pulley and the set of points, 
or else bring about a partial reversing of 
the operating pulley and so cause a par- 
tial displacement of the points. 

It must not be thought, however, that 
abolishing the compensator in wire 
transmissions working points will remove 
all danger resulting from a broken wire, 
in fact, the suppression of the compensa- 
tor can only be done by introducing high 
initial tensions in the wires, and in case 
of the wire breaking in the conditions 
mentioned above, the excessive tension in 
the wire remaining intact will tend to 
turn the operating pulley, evidently less 
violently than with the balanceweight, but 
nevertheless sufficiently to put the points 
out of place and so cause an accident. 

In order to avoid anything of this 


nature happening, the Administration of 
the Belgian State Railways have issued 
the following rules for all cases in which 
points are worked by double wire and 
entered into from the toe : 1° the electric- 
al repetition of the position of the points 
on which the reversing of the route lever 
is made subordinate and consequently 
that of the signal lever; 2°, the mechanical 
interlocking of the points by means of a 
circular bolt worked by an independent 
lever. 

It is in fact evident that the electrical 
repetition of the position of the points 
would be useless if the wire broke when 
the corresponding signal was showing 
line clear. 


Adjusting screw couplings. — The 
screw coupling for adjusting transmission 
wires used by the Administration of the 
Belgian State Railways is shown in 
figure 40. 


Fig. 40. — Adjusting screw coupling for transmission wires. 


These screw couplings, made from 
stamped steel, were generally attached to 
the wires by means of a V joint and a 
split link, but on account of the latter 
heing done away with and the M joint 
adopted, the shape of the eyelets in the 
screw coupling have been slightly altered. 

These screw couplings are inserted in 
the run of each wire working signals : 
4° at the signal itself in the vertical por- 
tion of the wire at a man’s height; 2° in 
the proximity of compensators; 3° in the 
proximity of travel reducers. 


Formerly these couplings were also 
placed under the signal boxes near the 
operating lever, but in this position were 
found to do more harm than good, so 
were abolished, for when anything went 
wrong with a transmission wire, the men, 
in order to avoid having to occasionally 
go some distance to put it right, got into 
the habit of adjusting the screw coupling 
nearest the operating lever, where they 
could not be at all certain what effect 
this had on the signal itself. It often 
happened therefore that this method of 
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adjustment only made matters worse 
instead of better. 

In order to avoid the position of the 
screw coupling being altered by the men 
charged with the adjustment of the trans- 
mission wires, the two rods containing 
the eyelets are drilled at their idle ends 
with a hole through which a metallic 
wire is passed, and this is rolled round 
the frame of the device, its ends being 
fixed by means of a lead seal. The pliers 
used for this purpose leave a_ special 
mark, so that the man who has done the 
work may be afterwards recognised. 

It is therefore impossible to alter the 
respective positions of the screwed rods 


Fig. 44. — Travel 


reducing lever with adjustable disengaging hook. 


If therefore it is desirable to obtain a 
suitable initial tension in the wires in 
order to make the regular working of the 


signals certain, as a general rule it will . 


be necessary to shorten the travel of the 
transmission wires at some part of their 
run, 

The losses in the travel of transmission 


without breaking the lead seal. This 
sealing of screw couplings in the case of 
wires working points is obligatory, and 
in our opinion it should be equally so in 
the case of signals, especially three-posi- 
tion signals. 

The two screwed rods of these couplings 
are fitted with check nuts with the object 
of preventing any turning of the nut by 
vibration. 


Travel reducing lever with adjustable 
disengaging hook (fig. 41). — The travel 
of an operating lever being 50 cm. 
(49 1/2 inches) and that of the wire up 
to the disengaging balance lever 20 em. 
(7 7/8 inches), it may be seen that if in 
extreme cases it is admitted that there 
is a loss of 30 em. (414 5/8 inches) in the 
travel of very long runs at the time of 
operating, this is not the case when 
shorter wires are used. 


Fig. 44 ter. 
Vertical carrier fitted with two differential pulleys. 


wires vary according to the length and 
weight of the wire, the distance between 
the carrying posts, the number of con- 
ducting pulleys, the weight of the signal 
arm, the various frictional resistances, etc. 
It is not possible to determine before- 
hand the losses of travel that may be 
allowed for any particular length that 
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may be desired for the purpose in view, 
and the amount of reduction in the travel 
is determined by a practical test after the 
transmission wires have been given a 
good initial tension. 

Up till quite lately the Administration 
of the Belgian State Railways used exclu- 
sively differential pulleys (fig. 44ter) in 
order to obtain the reduction of travel 
required in the transmission wires. 
These pulleys were fixed at the foot of 
the semaphore, one differential pulley 
being inserted in each wire. 

There are two inconveniences attached 
to the use of these pulleys : 4° it allows 


only one degree of reduction to be made 
in the travel (about 2 to 1) when circum- 
stances might arise requiring a varied 
graduation in the reducing scale; 2° the 
differential pulley might prevent the 
upsetting of the disengaging balance lever 
in case the pull to danger wire breaks, 
because occasionally it prevents an in- 
sufficient unrolling of this wire. 

At the present time, travel reducing 
levers, as shown in figure 41, have been 
substituted for differential pulleys. A 
travel reducing lever is inserted in each 
wire as near to the signal as possible 
(fig. 41bis). 


‘ig. 41bis. 


The workman responsible for the ad- 
justment chooses amongst the holes drill- 
ed in the faces of the reducing levers 
those suitable for the amount of travel 
required and for the necessary tension. 

The adjustable disengaging hook, to 
which is attached that part of the pull to 
danger wire proceeding to the disengaging 
lever, allows the unhooking of this wire 
in case that part lying between the hand 
lever and the travel reducing lever breaks. 
It is evident tha‘ in this eventuality. the 
tension in the pull off wire will drag the 
reducing lever fitted with the disengag- 
ing hook towards the signal, and this 


lever, no longer held by the broken pull . 


to. danger wire, falls to the ground, and 
the other portion of this wire, by unhook- 
ing itself, allows the disengaging lever to 
act.as it is designed to do. 


Adjustment of the transmission wires. 
-—— These wires should be adjusted so 
that; 1° a complete travel of the signal 
arm may be obtained in both directions 
and whatever variations of temperature 
there may be, and 2° the use of unneces- 
sary force on the part of the signalman 
when working it may be’ avoided. 

To obtain this double object it is neces- 
sary to: 

1° Reduce as much as possible the losses 
in the travel at the time of operating; 

2° Reduce resistances, especially those 
of a frictional nature. 


Losses in travel which are produced at 
the time of operating may be due : { 
1° to the stretch caused in the pull off 
wire by the working tension arising at 
the moment the signal arm is placed at 
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line clear; during this operation the pull 
to danger wire becomes slack. 

Conversely, when the signal arm is put 
back to danger, the strain occurs in the 
pull to danger wire, it is the latter which 
elongates and the pull off wire, is slacked; 

2° to the loss of travel produced in the 
pull off wire at the time of putting the 
signal to line clear and resulting from 
the tightening up the successive saggings 
of the wire between its supports. 

The same action takes place in the pull 
to danger wire when the signal is replac- 
ed to danger; 

3° the elongation of the two wires due 
to increases in temperature; 

4° the displacement of the transmission 
wires either due to the want of stability 
of certain of the fittings, such as the 
tressels supporting conducting pulleys, 
posts, compensators, etc., or else to an 
excessive amount of play which some- 
times occurs at the pulley spindles. 


1° The elastic elongation may be cal- 
sj L F 
xp} 
which a represents the total eesti 
T, the tension due to the pull of the lever; 
S, cross section of the wire; L, its length 
and E, the modulus of elasticity of the 
steel. (It is presumed that all these runs 
are fitted with steel wires, chains or 
stranded wire inserted in the runs being 
neglected.) 

_In a transmission system of fixed 
length with a wire of standard diameter, 
the only variable quantity in this formula 
is T. 

This tension T which produces the 
elongation is equal to the difference 
between the working tension T’ and the 
initial tension T”. 

It is found therefore that the losses in 
travel at the time of operating the appa- 
ratus will be so much the less as the 


culated from the formula a = : 


initial tension is greater, which is a priori 
evident. 

On the other hand, the working tension 
depends on numerous and variable con- 
ditions, amongst which may be mention- 
ed : the weight of the signal arm and the 
screens; the frictional resistances at the 
conducting pulleys, guide pulleys and 
joints of various kinds; the state of the 
various parts (want of lubrication); at- 
mospheric conditions, such as wind, 
snow, frost and cold. 

All these points show the importance of 
keeping the working parts of the arran- 
gement in good condition if we wish to 
avoid abnormal strain in operating and 
useless losses in the travel of the wires. 

We will refer in passing to a pheno- 
menon that is well known to all those 
interested in signalling. This is the 
influence the working of the hand lever 
has, for it often happens that when a 
signalman works this lever sharply when 
operating a signal some distance away, 
he will always manage to bring the arm 
fully down to the stop for line clear, 
whilst another signalman less experienced 
and not so strong may fail to do so. 
This pecularity is due to the fact that 
the sharp starting of the lever in the 
first case immediately implants a certain 
speed in the transmission wire which 
communicates at once, to the various 
working parts of the system, a live force 
which is added to the effort made by 
the signalman. 

We should strongly point out, however, 
that the adjustment of the wires must be 
based on no such consideration, but so 
that the signal is completely controlled 
by the hand lever in whatever way the 
necessary power may be applied to it; 

2° The losses in the travel due to the 
tightening of the sag in the wires between 
the supporting posts at the moment of 
operating may be determined by calcul- 


— 648 — 


ating the curve lengths of the wire when 
at rest and when in action. 
The curve saat are calculated from 


the formula b + 


os si in which b repre- 


sents the distance between the carrying 
posts, p, the weight per metre run of the 
wire, and T, the tension in the latter. 

The variation in length of one curve 
between two successive carrying posts 
will therefore be : 


b+ srr) —b + 


T’ represents the working tension and T’” 
the initial tension when at rest. The 
total loss in travel over the whole length 
is obtained by multiplying the result thus 
found by the number of spacings of the 
posts. 

It will be seen that for a wire of a 
given diameter, the losses in its travel 
are so much smaller as the spacing be- 
tween the posts is decreased, the initial 
tension in the wire is greater, and the 
tension due to operating is smaller. 

Here the question may bé asked what 
spacing should be allowed between the 
posts; there are, however, no fixed rules 
relating to the subject, but in the desire 
to avoid these losses in the travel of the 
wire, it is necessary to place the posts 
as close as possible to one another; on the 
other hand it has to be taken into con- 
sideration that the more the number of 
posts is increased, the greater becomes 
the friction. 

In the case of working sets of points 
where the necessity of avoiding travel 
losses must take precedence over any 
other consideration, the spacing should 
never exceed 10 m. (33 feet). 

When transmission wires for signals 
are long and winding, this space of 10 m. 


b3p? 
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(33 feet) may also be adopted, but in 


ordinary runs a spacing of 12 m. (39 ft. 


¢ 


5 in.) is a general practice and even 15 m. 
(49 feet) where the length of the run is 
short and in a straight line; 

3° Losses in travel due to temperature 
expansion have been discussed in the 
chapter « Necessity for compensators » 
and we have seen that they can be sub- 
stantially reduced by giving them a suf- 
ficiently high initial tension when put 
down ; 

4° Losses in the travel due to the displa- 
cement of certain of the contrivances in 
the run may be avoided if these are sui- 
tably looked after, and we will go into this 
subject later on. 


To sum up, independently of the ques- 
tion of keeping the various parts in good 
repair, the requirements of a properly 
adjusted transmission system may be for- 
mulated as follows: « high initial ten- 
sion and reduction of the travel at the 
foot of the signal by means of a travel re- 
ducing gear ». 

It will be understood that with a sub- 
ject, the factors of which are so nume- 
rous and variable, it is not possible to give 
precise rules as regards the amount of 
initial tension that should be given, and 
all the less so because the use of a dynamo- 


‘meter for adjusting the tensions when 


the wires are at rest has not yet been 
introduced as far as we are concerned. 

All that we can say is that the initial 
tension should be such that, without 
making the working of the signals too 
hard for the signalman, the travel of the 
principal transmission wires measured up 
to the reducer should be as long as pos- 
sible, and consequently its reduction at 
this contrivance should be as long as pos- 
sible, the travel of the wire between the 
reducer and the disengaging lever being 
uniformly 200 mm. 7 7/8 inches). 

It is worth while mentioning that with 
every new installation, any adjustment 


i 
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made at starting can never be considered 
as definitive and has to be checked and 
often altered for some time afterwards, 
as new wires are often somewhat out of 
shape, which improve by degrees and only 
become in perfect condition after work- 
ing for some time. 

When testing afterwards, it is best to 
choose as hot a day as possible so as to 
make certain that the travel of the com- 
pensating lever acts to its full extent in 
both directions in whatever way the hand 
lever may be worked. 


Upkeep of wire transmissions. — The 
upkeep of transmission wires is done with 
the object of reducing losses in the travel, 
frictional resistance, and to make certain 
at the same time that the working parts 
are in good order. 

It should be seen that the foundations 
of the pulley frames are perfectly stable, 
which may be observed at the time the 
signals are worked, no movement what- 
ever should be allowed to take place when 
this is happening. In order to obtain 
this. stability, the wooden foundation 
pieces should be properly rammed up 
tightly, and any piece showing signs of 
decay at the holding down bolts should 
be replaced. The stability of the foun- 
dation posts should also be checked. 

The guide pulleys should be fixed in 
such a way that the chain moves as far as 
possible in the same path as the centre of 
the pulley groove, so as to avoid friction 
between the chain and the sides of the 
groove. In order to gain this object, the 
level of the last post preceding the guide 
pulley is lowered. 

The alignment of the short posts car- 
rying the guide pulleys for the wires 
should be accurately staked out before 
they are fixed, and their levelling should 
also be done either directly, or simply by 
comparison with the neighbouring rail. 


The nuts of the bolts holding these pul- 
leys should be well tightened, the pulleys 
being placed vertically in straight runs 
and inclined according to circumstances 
when they have to act as angle pulleys 
round curves. 

The frictional resistances of the guide 
pulleys properly so called are as follows : 


a) Friction between the pulley sheave 
and its frame; care should be taken to see 
on delivery that the bosses of the pulley 
faces and the corresponding parts of the 
frame have been properly and truly ma- 
chined; 

b) Friction of the pulley on its pin; 
these pins should be truly turned and the 
corresponding holes in the pulleys accu- 
rately bored. As soon as a pin is found 
to have any perceptible play, the hole in 
the pulley should be bored out to a larger 
diameter 1, 2 or 3 mm. (0.039, 0.078 or 
0.417 inch) and the pin replaced by 
another of larger diameter.. For this pur- 
pose a series of spare pins are kept in 
stock, 1, 2 and 3 mm. larger in diameter 
than the original pin; 

c) Friction. of the light chain in its 
pulley groove; to reduce this friction it 
should be seen that the chain is of cor- 
rect size. 

These frictional resistances being pro- 
portional to the length of the chain lying 
in the groove, no conducting chain should 
be fixed at an angle more acute than 90°; 

d) Friction of links between them- 
selves. In order to reduce this as much 
as possible, the chains should be regu- 
larly and thoroughly lubricated in. the 
sameway as the chain pulley spindles 
and those of the wire wheels. 


The lubricant used for the upkeep of 
these transmission arrangements consists 
of a mixture of petro] and unrefined colza 
oil. 
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CHAPTER II. 
Semaphores of the new method of signalling. 


On all lines not yet fitted with the new 
method of signalling, the semaphore arm 
rising to an angle of 45° when giving line 
clear is made use of. So that drivers may 
know that the semaphores are of the old 
kind and avoid confusing them with 
those of the new signal system in which 
the arm is placed vertically when giving 
line clear, the arms of the old kind are 
fitted with a sheet iron ring. It is in 
fact necessary that during this transitory 
period, confusion of any kind should be 
avoided, because the position of the arm 
of an absolute stop or home signal which 
is raised to 45° gives different indications 
in the two cases. 


Semaphores of the old pattern. — 
These are the wniversal transformable 
semaphores, the description of which 
appeared in the International Railway 
Congress Association Bulletin for October 
1909, p. 1075. A lighter post was used 
for semaphores constructed later on 
which could not be transformed, but the 
working parts shown in figure 42 have 
remained the same. 

The motion is communicated to the arm 
by means of a disengaging balance lever 
working with a crank which is connected 
directly to the signal arm in such a way 
as to make it take an inclined position of 
45° after the disengaging balance lever 
has been acted upon. 

The lamp is placed to the left of the 
post and the spectacle plate carrying the 
red and Isly blue (giving the green light) 
roundels moves behind the arm. The 
front spectacle as well as the back screen 
(serving to cover the white light at the 
back when the arm is giving line clear), 


are fixed on the same shaft and turn in 
pedestals forming part of the support 
itself of the lamp. 

The arm directly communicates its 
motion to the screen shaft by means of a 
coupling rod fixed to the back face of 
the arm and to a crank fitted with a pin 
and keyed on to the screen shaft. The 
pin of the crank slides in a slot in the 
coupling rod and the front double 
spectacle as well as the back single spec- 
tacle naturally follow, with a slight lag, 
the motion of the signal arm. 

The travel of the latter is limited by 
stops, and in case of unhooking of the 
pull off wire (resulting as we have al- 
ready seen from the breaking of the pull 
to danger wire), the weight of the arm, 
being in the line clear position, causes it 
to fall to danger without the assistance of 
any balanceweight. 

These semaphores are not fitted with 
any arrangement for lowering or raising 
the lamp, but the latter is placed on a 
fixed support, and by means of a ladder 
leading to a platform, the lamps and 
mechanical apparatus can be attended to. 


Semaphores of the new type fitted with 
an absolute danger or home signal and 
rising to a vertical position to give line 
clear (fig. 43). — The arms and mecha- 
nism for working the new method of 
signalling are fixed either on the old 
metal posts or else on new posts made in 
reinforced concrete. 


Absolute danger arm working from 0 
to 90°. — Figure 43 shows an arm work- 
ing from 0 to 90° and fixed on to a 
metallic post. — Hi 
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Fig. 43. — New type semaphore (Belgian State) with arm that rises vertically (0-90°). 


(The fitting up can be temporarily altere1 so that the working may be between 0-450 instead of 0-909). 
‘ : wot itches sain See et! 
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The:,type called « balanced arm » has 
been adopted after a trial had been made 
for some time with that called « decen- 
tred arm » in which the rotating spindle 
was. fixed in the centre line of the post. 

As shown in the figure, the spindle on 
which the balanced arm rotates, the 
centre line of which is 457 mm. (18 
inches) from the centre line of the post, 
is supported by two wing plates in cast 
steel and fixed to the angles of the post 
by means of three bolts. 

Pedestals with caps are fitted to these 
wing pieces to carry the shaft which 
rotates the arm and also for contingen- 
cies, room being allowed for fixing a 
second spindle passing through the post 
and which is used in certain cases which 
will be mentioned later on. 

We may point out in passing that the 
necessity of having two independent wing 
plates (instead of one wing plate only, of 
suitable form, which would have prevent- 
ed the possibility of their getting out of 
line with one another) is due to the fact 
that these arrangements must be fixed 
to old posts of various sections. 

The signal arm is fixed to the end of 
the rotating spindle by means of a square 
socket and a nut screwed on to the end 
of the spindle. The crank which works 
the arm and is placed immediately behind 
it is also fixed on the square end of the 
spindle. 

On the back extremity of this spindle, 
a second crank is keyed making an angle 
of 90° with the crank working the arm 
and joined by means of a coupling rod 
to the crank keyed on to the shaft work- 
ing the screens. 

This working shaft which passes 
through the post turns in the brackets 
of two cast steel wing plates fixed like 
the two others on opposite sides of the 
post; these are joined together by means 
of four bolts connecting each wing plate 


to the angles of the post, and are joined 
together by means of a cross piece which 
serves as a support for the lamp. 

From this it will be seen that the light 
shows on the right side of the post ins- 
tead of on the left side as with the old 
type of semaphore. 

The spindle working the screens is 
shaped into a square at both end and 
carries at its front extremity the malle- 
able cast iron triple spectacle, and on its 
back extremity a screen which masks the 
white light behind as soon as the arm 
begins to move upwards. The spectacle 
therefore follows exactly the motion of 
the arm, and in case of ordinary working 
from 0 to 90°, the top and middle roun- 
dels are each glazed red and the bottom 
roundel with an Isley blue glass giving 
a green colour. 

The green light does not therefore 
begin to appear until the signal arm has 
travelled a distance corresponding to 
over 60°, and in reality this green light 
is only clearly seen from a distance at 
the instant the arm has travelled through 
an angle of about 80°. It is obvious 
therefore that the green light should be 
made visible at the end of the stroke of 
the signal, so that if any disarrangement 
takes place, which might produce a 
doubtful position of the latter, the result 
is that the red light is shown calling for 
a stop. 

The travel of the spectacle is limited 
by a stop fixed on one of the corner 
angles of the post which prevents damage 
to the spectacle by rough handling in 
working it. 

The disengaging balance lever has been 
kept in this arrangement, and it is 
through it that the balanceweight lever 
to which it is connected is worked. 

The distance through which the signal 
arm travels having been doubled, the 
balance lever working in conjunction with 
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the disengaging balance lever has neces- 
sarily had to be made longer and is join- 
ed by means of a coupling rod to the 
crank keyed on to the spindle which 
rotates the signal arm. 


The balanceweight of the balance lever 
connected to the disengaging balance 
lever is only provided for the purpose of 
bringing the arm back to danger in case 
the pull to danger wire breaks and the 
pull off wire is unhooked. When the 
arm is standing at 90°, the vertical pass- 
ing through its centre of gravity is not 
absolutely identical with that passing 
through the centre of rotation. The 
distance apart, however, of these two 
verticals which forms the leverage of the 
weight of the arm applied at its centre 
of gravity is, however, of small import- 
ance, and it is to be feared that the 
frictional resistance of the various joints 
may in some cases interfere with the 
falling of the signal arm. So as to help 
this automatic fall of the signal, a 
balanceweight has been fitted to the end 
of the disengaging balance lever crank 
which has been lengthened for this pur- 
pose, and being raised when the arm is 
in a vertical position has always a ten- 
dency to bring the latter to danger. 

The coupling rod working the arm is 
no longer attached, as on the old sema- 
phores, to the disengaging balance lever 
and the crank as well, but only to the 
latter, which makes it easier for the lever 
to be displaced when required by 
circumstances. 

The travel of the arm from 0 to 90° is 
limited by a stop fixed on one of the 
corner angles of the post above the arm. 


Balanced arm used for working be- 
tween 0 and 45°. — If it is desired to 
construct by means of spare parts belong- 
ing to the 0 to 90° signal arms just 
described, a semaphore arm working 


from 0 to 45° as in the old method of 
signalling, all that is necessary will be 
to limit the travel of the arm to 45° by 
means of a stop fixed on one of the 
corner angles of the post underneath the 
arm. A sheet iron ring is then placed 
at the end of the arm and the red glass 
fixed in the middle of the spectacle is 
replaced by one of Isly blue, the bottom 
glass being hidden by means of a sheet 
iron plate. Finally, it is evident that the 
travel of the crank working the arm must 
be halved, and for this purpose the rod 
connecting the two together must be 
fixed, instead of at the end of the coun- 
terweight lever, at a position half way 
between it and the rotating spindle so as 
to obtain the requisite reduction of 
travel. 


Concrete semaphores. — The same 
working appliances have been fixed on 
posts made in reinforced concrete. The 
wing brackets carrying the arms are joined 
together and to the post by means of 
bolts passing through the latter in sui- 
tably arranged holes. A similar arran- 
gement is made for carrying the screen 
spindle. The supports for the disengag- 
ing levers, as well as the stops for the 
arms, are also fixed to the body of the 
post by means of bolts. 

Finding in practice that the top wing 
brackets fixed on concrete posts had a 
tendency to shift from their position, a 
new type of wing bracket is now being 
used, the cheeks of which are made in one © 
piece, and the old kind still in use has 
been strengthened by means of stays join- 
ing the plates together and rigidly con- 
necting them with the wing brackets 
which carry the screen spindle. 


Balance levers for over-travel, Cesar’s 
system. — The disengaging balance lever 
has no over-travel either before or after 
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the working of the arm, it therefore fol- 
lows that to reach an exactly vertical po- 
sition depends entirely on the tension in 
the wire pulling it. 

In a general way, balanced arms always 
come sharply to their horizontal or verti- 
cal position, thanks to the careful adjust- 
ment of the whole system. It happens, 
however, that with long or winding runs, 
the arm put to the line clear position 
remains slightly at an angle, or else hav- 
ing been violently thrown by a sharp pull 
against its stop, it takes a slightly inclined 
position on account of the reaction caused 
by this stop and a slight slackness in the 
pulling off wire. 

In similar cases, in place of the ordi- 
nary disengaging balance lever, successful 
use has been made of the over-travel le- 
ver shown in figure 44. 

This is composed of a disengaging ba- 
lance lever C to which are attached the 
two transmission wires and coupled by 
means of a pin at G to a lever B fitted with 
a balanceweight D, and also swivels on a 
boss on lever A, one end of which is cou- 
pled to the rod working the signal arm, 
whilst the other end passes through a 
slot made in the balanceweight D which 
serves as guide. The lever A is also 
jointed at E to the lever B. 

Figure 44 shows its different phases 
when at work : when the wires are being 
operated, the disengaging balance lever 
swivels round the point O, transmitting 
its motion to lever B through the medium 
of spindle G. 

A tendency therefore is given to lever 
B to turn round the spingle E, but is 
prevented by the fact that the loading of 


the balanceweight preponderates over the - 


force required to raise the arm. 

Balance lever B therefore carries for- 
ward the lever A through the medium of 
spindle E until the arm comes in contact 


with its stop. Up to now the disengaging 
lever has not come to the end of its travel, 
and the lever A is stopped because the 
signal arm is in contact with its stop; 
point E therefore becomes stationary and 
the motion which the disengaging ba- 
lance lever continues to impart to the 
lever B forces the latter with its balance- 
weight to risein turning round spindle E. 
This last phase of the operation, during 
which lever B and its balanceweight D 
change their position in relation to the 
lever A, forms what is called the over- 
travel and prevents, within certain limits, 
the position of the signal arm being in- 
fluenced by any inaccuracy that may hap- 
pen to be in the run of the wires and 
which is taken up by the variation in the 
distance the balanceweight is raised. 


Two-position distance arms (0 to 90° 
or 0 to 45°). — These arms are worked by 
the same mechanical contrivances as the 
home signals 0 to 90° and 0 to 45°. 

The form of the arm is a simple modi- 
fication made by adding to its end a piece 
of sheet iron cut in the form of an arrow 
(see fig. 43). When working in the 
position 0 to 90°, the triple spectacle is 
fitted with a yellow roundel in the top 
and middle frames and an Isly blue roun- 
del in the bottom frame. 

In the case of a distant signal working 
only from 0 to 45°, the mechanical parts 
are altered as mentioned above for the 
ordinary signal arms, though instead of 
an ordinary lamp, a lamp showing two 
lights is used and the triple spectacle is 
completed as shown in figure 45. From 
this it will be seen that the top and bot- 
tom roundels of the triple spectacles are 
fitted with projecting tabs through which 
holes are drilled to allow sheet iron plates 
to be riveted to them so as to lengthen 
them in order to mask if necessary the 
second light of the lamp. A circle of 
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sheet iron is therefore fixed to the top 
glass frame of the triple spectacle which 
masks the reflected light given from the 
lamp when the arm is at danger. When 
the arm is standing at 45°, the second lens 
of the spectacle fitted with a yellow glass, 
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Fig. 45. — Triple spectacle and lamp for distant 
signal 0-459. 


Explanation of French terms : Jaane = Yellow. 
Blanc = White. — Vert = Green. 


comes in front of the direct light coming 
from the lamp, whilst the light reflected 
from the latter being unmasked by the 
triple spectacle appears green, as the glass 
of the lamp placed before this reflected 
light is in this case of Isly blue colour. 


Note. — The mechanical devices de- 
scribed above allow us therefore to obtain 
the various positions required for signals 
which are represented in figure 46 by the 
conventional signs adopted for the pur- 
pose of getting out projects for signal 
arrangements. 
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The working of three-position home 
signals necessitates the use of special ar- 
rangements based on the slot principle, 
but before considering these arrange- 
ments, we think it better to describe the 
various slot systems used by the Admin- 
istration of the State Railways. 


Slotting of signals, — The object of 
using a slot with a signal is wn order to 
put this signal under the control of two 
signal cabins so that it cannot be placed 
at-the line clear position except by agree- 
ment of the two cabins, and that it can be 
placed at danger by one of them, no mat- 
ter which. 

We will give the name of local cabin 
to the one that is generally nearest to the 
signal in the radius of action in which 
this signal is fixed; the other cabin will 
be called the slot cabin. 

Placing the signal at line clear can only 
be effected after operating two levers, the 
first being in the local cabin, and the 
second in the slot cabin. 

The Administration of the Belgian 
State Railways uses three types of slots : 
the link slot, Cesar’s rotary slot, and the 
electric disengager (replacer) of the 
« Ateliers de Constructions électriques de 
Charleroi ». 


The link slot, — Figure 47 shows a si- 
gnal arm working from 0 to 90° and 
slotted by means of an arrangemen! 
called the link slot; figures 48, 49 and 50 
show diagrammatically the method by 
which it is operated. 

Each of the wires proceeding from the 
local cabin and, from the slot cabin work 
a disengaging balance lever connected to 
a counterweighted balance lever. The 
corresponding balance lever at the local 
cabin works a coupling rod A, whilst the 
corresponding balance lever at the slot 
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Fig. 47. — Link slot fitted to a semaphore with balanced arm. 


-die-the balance lever E. 
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cabin controls a coupling rod B at the 
end of which is a link. 

Placing the arm at line clear is con- 
trolled by a coupling rod D, the bottom 
end of which is connected to a crank C 
which swivels on a pin, the carrier of 
which is bolted to the signal post. 


Fig. 49, 


The coupling rod A is joined to the end 
‘of a balance lever E, to the other end 
of which is attached a die which can move 
in the link of the coupling rod B by swi- 
velling on its central pin which is a fiax- 
ture in the crank C. 

Let us suppose that in the first place 


{ 


Fig: 50. 


Figs. 48 to 50. — Diagrammatic representation of the working of the link slot. 


the lever in the local cabin is worked; the 
lowering of the coupling rod A turns the 
lever E on its spindle 0, as shown in 
figure 49, the die moving from the bot- 
tom to the top of the link. Crank C being 
controlled by the weight of the arm 
remains stationary, and if after this 


first operation the lever in the slot 


cabin is manipulated, the coupling 
rod B being pulled downwards drags 
with it through the medium of the 


extremity of the latter being held in posi- 
tion by the coupling rod A, the lever pi- 


The opposite. 


vots round the centre pin o of this cou- 
pling rod, at the same time pulling down 
with it the crank C, thus causing the si- 
gnal arm to be placed in the line clear 
position (fig. 50). 

By reversing the order in which. the 
levers are manipulated, the arm will be 
worked in the same way. 

The slot lever that is worked first will 


“lower the coupling rod B with its attached 


link without moving the signal arm, and 
the later manipulation of the local hand 


lever will turn the balance lever which 
swivels on its die now resting against the 
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top end of the lowered link, and the arm 
will be placed at the line clear position. 

It. will be seen from figure 50, that in 
this last position of the signal arm, the 
replacing of one of the two levers in its 
normal position would cause the arm to 
be brought to danger. 

In order to make sure that replacing 
the arm to danger shall happen in the 
case where the slot lever is the first to be 
brought back to its normal position, an 
angle plate is fixed on the crank control- 
ling the arm (see figure 47) against 
which .the top part of the coupling rod B 
strikes when it is put back to danger, 
thus forcing the crank to return to its 
original position. 

The counterweights of the balance le- 
vers working in conjunction with the 
disengaging balance levers are provided, 
not only to facilitate the fall of the arm 
in case one of the pull to danger wires 
breaks, but also to help to bring back to 
its original position the transmission 
wire of the lever last placed at danger. 
It should be noticed in fact that the weight 
of the arm favours this « pull back » 
effect in the wires, and this action being 
absent when the second lever is put back 
to its normal position, it is advisable to 
replace it by means of a balanceweight. 

This point is most important, because 
it should be understood that on account 
of a wire that is wanting in tension not 
being pulled back far enough, serious 
friction may occur at the working joints 
of the slot arrangements by insufficient 
lubrication, and it might happen that one 
of the parts of the slot device and the cor- 
responding disengaging balance lever 
might not quite return to the normal 
position, which would partially « arm » 
the slot for a later operation. 


Cesar’s rotary slot. — Whilst the link 
slot is fixed to the semaphore itself, 


Cesar’s rotary slot may be placed on the 
ground or at any point in the run of the 
wires.. The link slot necessitates fixing 
two double transmission wire runs up to- 
the signal, whilst with the rotary slot it 
is only necessary to fix one double trans- 
mission wire run between it and the si- 
gnal. It is usual to place it at the point 
where the wires coming from the local 
and the slot cabins meet, and by this 
means a saving is made of a double trans- 
mission wire between the slot and: the 
signal. It is for the sake of this saving 
as well as for the ease of fixing and up- 
keep that the rotary slot is often used 
instead of the link slot. 

The rotary slot has the advantage of 
being easily inspected, kept in good work- 
ing order, and fixed in position, and it 
ensures the signal being placed at danger 
when either of the hand levers is replaced 
to its normal position and also allows the 
signal to automatically return to danger . 
in case one of the transmission wires 
breaks. 


Diagrammatic description (fig. 51). — 
The hand levers 1 and 2 worked by the 
signalmen control the action of the moy- 
able blades 3 and 4, and these in their 
turn work the signal arm through the 
medium of a swinger 7 fitted with a cross- 
bar 10 which oscillates round a spindle 
16 inserted in the pull off wire of the 
signal arm. 

The blades are fitted with studs 9 and 
9’ for the use of crossbar 10, as well as 
notches 17 and 48 in which swinger 7 can 
be partly embedded. 


Operation. — When one of the levers, 
No. 1 for instance (fig. 52), is reversed, 
blade 3 is displaced and swinger 7, which 
is held up by stop 9’, as well as by the 
weight of the arm, leaves the notch 17 and 
swings into notch 18 of blade No. 4 so 
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as to allow blade 3 to pass freely along. 
In this way the result shown in figure 52 
is obtained and the arm is placed at 
danger. 

If now the second lever is reversed, 
swinger 7, which is held in notch 18 and 


‘unable to leave it, because guided by 


blade 5, is pulled along by the motion of 
blade 4, and its descent causes the arm to 
be placed at line clear by means of the 
pull exerted on the wire. In this way the 
result shown in figure 53 is obtained. 

Placing the signal at danger is the na- 
tural consequence of putting either of the 
levers 1 and 2 into their normal position, 
thanks to the studs 9 and 9/ which carry 
with them the swinger in their ascent and 
so force the signal arm to come back to 
danger. 


Description of the apparatus (fig. 54). 
— The rotary slot properly so called is 


- only a repetition in a circular form of the 


arrangement just described. Its essen- 
tial parts comprise two socketed discs 3 
and 4 with cranks 5 and 6 which are 
threaded on a fixed spindle 0 and enclos- 
ed in a hollow pulley 8 carrying a balance 
lever 7 at the ends of which are fixed the 
rollers 19 and 20. The discs 3 and 4 
with their notches 17 and 18 and their 
stops 9 and 9’ take the place of blades 3 
and 4 (fig. 51) with their notches 17 and 
18 and their studs 9 and 9. 

The swinger 7 (fig. 51) with its inclin- 
ed planes, its spindle 16 and crossbar 10 
is replaced by the balance lever 7 (fig. 54) 
with its rollers 19 and 20 and centre pin 
16 combined with stop 10. This spindle 
46 and stop 10 form part of the hollow 
pulley 8 which acts as gear case and takes 
the place of the pulley 8 in figure 51. 
Pulleys 5 and 6 (fig. 51) are replaced by 
the disengaging balance levers 1 and 2 
(fig. 54) which work the socket discs 3 
and 4 by means of cranks 5 and 6. 


Finally, a stop 14 (fig. 54) which, 
coming to rest against the projection 13 
of the framework b, fixes the exact posi- 
tion of pulley 8 when at danger. Another 
stop 12 on crank 5, as well as a similar 
stop 12 on crank 6, fix the exact position 
of the said pully for line clear when 
coming into contact respectively on the 
standards of the carrier b at 14 and 14’. 

The levers controlling the signal are 
coupled up to the disengagers 1 and 2 by 
the ordinary wire connections, and in a 
similar way the disengager of the signal 
arm is coupled up to the pulley 8. The 
latter is hollow and filled with oil up to 
the level of its centre pin and protects in 
the same way as a gear case the swinger 
with its roller and discs which are in this 
way permanently lubricated. The Bel- 
gian State uses for this purpose « oleo- 
naphtha » B. Absence of efficient lu- 
brication might cause seizing and binding 
of the spindles on the other hand adulte- 
rated oil might freeze in Winter and stop 
the working of the slot apparatus. It is 
important therefore to see that only the 
best oil is used, and steps should be taken 
to prevent any rain water entering the 
gear case. For this purpose the joint (in 
paper) must be in good condition, and the 
nuts of the bolts which fasten the gear 
case cover be well tightened. 

If rain water found its way into the 
gear case, it would, on account of its dif- 
ference in density, pass to the bottom and 
gradually increasing in volume would 
finish by expelling the oil out at the cen- 
tre pin joint. A periodical examination 
should therefore be made of the case, and 
with this in view, a copper screw is fixed 
at the bottom of the case, which if un- 
screwed, the state of the liquid inside may 
be determined. 


Fixing a balanceweight to the crank 
worked by the slot lever (fig. 55.).— The 
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Fig. 54. Fig. 52. Fig. 53. 


Fig. 54 to 58. — Diagrams showing the action of Cesar’s rotary slot. 
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Fig. 54. — Cesar’s rotary slot. 
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remark made on the subject of placing 
the levers working a link slot to danger 
equally applies to the rotary slot. 

A signal. is generally placed at danger 
by means of the local lever, and in this 
case the return to the normal position of 
the transmission wires controlled by this 
lever and consequently the corresponding 
crank of the rotary slot is assisted by the 
action of the-arm falling. 

On the other hand, the slot lever being 
operated last only serves to bring back the 
balance lever, crank, and corresponding 
disc to their original position. It may, 


however, happen that if the transmission 
wires are somewhat long and their adjust- 
ment faulty that these parts do not come 
back completely to their original position, 
which would « arm » the slot for the fol- 
lowing operation. In order to avoid this 
and to assist the return of the transmis- 
sion wire of the slot lever, a balance- 
weight is fixed in the neighbourhood of 
the rotary slot coupled up by means of a 
light chain to the crank M working in 
conjunction with the slot lever (see 
figs. 55 and 56). All that is necessary in 
order to couple up the chains to this 


Fig. 


crank is to replace the existing shaft by a 
longer one and attach to the latter a 
hook B. 


Adjustment of the rotary slot. — The 
transmission wires should be well stretch- 
ed, and in normal position, the exterior 
stop of the gear case should come into 
contact with the corresponding stop of the 
carrying frame. In this position the two 
outside cranks and the two disengaging 


Levier 
slotleur 


56. 


balance levers should be at the same angle. 
The rotary slot being reversed after oper- 
ating the two levers, the arm should be 
absolutely in the line clear position and 
the two cranks should at the same time 
be in contact with the stops of the car- 
rier. 


Breakage of the pull to danger wire. — 
The rotary slot is fitted with two disengag- 
ing balance levers, so that if the pull to 
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danger wire breaks, either between the 
local cabin or the slot cabin, the corres- 
ponding disengaging balance lever should 
at once turn over, or at any rate at the 
first operation of the hand lever, if the 
breakage took place when the levers were 
in the danger position. 

If the pull to danger wire breaks be- 
tween the slot and the arm, the disengag- 
ing balance lever of the signal arm should 
act. as already explained. 

Experience has shown, however, that in 
certain cases the pull to danger wire 
breaks between the operating lever (local 
or slot) and the rotary slot, and even 
the disengager of the latter has swung 
round, the signal arm remained at line 
clear until the lever working the trans- 
mission wire that is still intact was put 
back to danger. 

This happened because the balance- 
weight of the balanced signal arm was not 
sufficiently heavy to pull back the trans- 
mission system and so return the gear 
box to its normal position. 

This fault, when found to exist, is re- 
medied by adding a balanceweight B cou- 
pled up, by means of a chain, to the pull 
off wire in proximity of the slot, as shown 
diagrammatically in figure 56. 


Multiple slotting of signal arms; us 
of the disengager (1). — The slotting of 
a particular signal from several cabins 
can be done by placing several rotary 
slots in series. An installation of this 
kind, however, is not to be recommended 
if we take into consideration the necessity 
of obtaining with certainty the automatic 
replacing the arm to danger in case of 
the pull to danger wire breaking in one 
of the runs. ; 

It is preferable and generally cheaper 


(4) With certain somewhat similar arrangements 
in Great Britain this is called a « replacer ». 


to make use of the electric disengager 
instead of mechanical slots for the mul- 
tiple slotting of signals. 

The disengager or replacer is a well 
known electrical contrivance which is not 
only used as a slot, but serves also to 
automatically replace certain block signals 
to danger. 

It is fixed on the signal post itself, and 
only requires, in addition to the electric 
circuit, one double wire transmission, 
viz., that coming from the local cabin. 
It works, by means of an external balance 
lever, a pulling device situated inside the 
protecting case. This pulling device can 
communicate its action to a second inter- 
nal device which is connected to the si- 
gnal arm by means of an outside crank. 
The pulling forward of this second device 
is obtained by means of an electro-mecha- 
nical coupling which includes an electro 
magnet. The coupling up can only take 
place when the electro magnet is excited 
and its armature attracted. 

The electro magnet of the replacer is 
inserted in a battery circuit passing by 
the slot cabins where the switches are 
fixed. One replacer can therefore in this 
way serve for slotting a particular signal 
arm from a number of cabins. The arm 
being placed at line clear falls automat- 
ically to danger if the electric circuit is 
broken at any point, or if the circuit, re- 
maining unbroken, the lever in the local 
cabin is replaced at danger. 


Slotting of distant signals. —: When a 
home signal is electrically slotted by 
means of a disengager, its distant signal 
should also be electrically slotted by 
means of a disengager inserted in the 
same electrical circuit as the former. 

When the home signal is slotted by 
means of a rotary slot, its distant signal 
can be slotted with a second rotary slot 


‘operated by the same lever as the first, 
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but it is preferable to slot the distant si- 
gnal by means of a disengager inserted 
in an electrical circuit containing a 
switch worked by the home signal arm. 

It shoud be mentioned that in order 
to ensure perfect agreement between the 
position of the distant and that of the 
home signals, an electric bell rings in the 
cabin when the home signal shows line 
clear and the distant signal it at danger. 
When the distant signal is slotted, as in 
the case of the home signal, the bell rings 
each time there is not perfect agreement 
between the two signals. 


Stops used in Cesar’s slot system. — 
Working signals that are electrically slot- 
ted by means of disengagers can only be 
carried out in proper order. The slot 
cabin is obliged to work its switch in 
order to excite the electro magnet of the 
disengager and allow the throwing into 
gear that must occur in order to place the 
signal at line clear. 

The use of mechanical slots, to the 
contrary, makes it possible to change at 
will the order of working, the arm being 
placed at line clear under the action of 
the second lever worked. It is often de- 
sirable, however, that the slot: cabin should 
be the first to operate its lever, for if 
it were otherwise, it is the slot lever, ge- 
nerally fixed some. distance away, which 
has to support all the effort required to 
place the signal at line clear, and under 
these conditions the working of it becomes 
so hard that the arm occasionally remains 
in an intermediate position for line clear, 
‘instead of coming right over into its pro- 
per place. This situation is made still 
‘worse when the same slot lever works 
‘two slots at. once. 

A solution to this inconvenience was 
adopted in the old Saxby installations, 
‘which consisted in working from the slot 
cabin, at the same time as the slot itself, 


a sheet iron plate in the form of a dise, 
and an alarm bell, both of which were 
placed in the local cabin. The reversing 
of the dise and the tinkling of the bell 
warned the signalman that the slot cabin 
had operated its lever, and the local 
instructions were that the local lever was 
not to be worked until this alarm had 
been received. 

These sight and sound indicators were 
generally difficult to adjust and unre- 
liable in action, and besides did not 
prevent working the signals out of their 
prescribed order. 

The apparatus shown in figure 57 and 
called the « slot stop » has taken the place 
of the above and makes it obligatory to 
work the levers in their proper sequence. 

Its essential point lies in the arrange- 
ment of two bars A and B inserted respec- 
tively in the pull off wire of the slot 
cabin and of that of the local cabin. 

The first bar is shaped on the top so as 
to form an inclined plane, and the second 
bar is cut to form a toothed rack. 
A pawl C, which turns freely round a 
spindle D, catches in the rack and thus 
prevents any displacement of the bar 'B, 
and consequently any working of the lever 
in the local cabin. 

This is only possible after operating 
the slot lever, the result of which is to 
move the bar A towards the left. This 
displacement forces the pawl C to rise 
progressively under the action of the in- 
clined plane until it is high. enough to 
liberate the rack and so allow the signal 
to be worked from the local lever. An 
electric contact made through the means 
of a blade E which forms part of the pawl 
is inserted in the circuit of a visible elec- 
trical indicator placed in the local signal 
box so as to warn the signalman that the 
signal is « unslotted ». By this means 
the signalman in the local-box is prevent- 
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ed from attempting to work the signal 
lever before he should do. 


This sight indicator works in conjunc- 
tion with a bell arrangement which tink- 


Fig. 57. — Cesar’s slot stop’ arrangement. 


les from the time of unslotting until the 
local lever is reversed. By this means the 
slot cabin cannot keep the signal unslot- 
ted after it. has been put to. danger 
without advising the local cabin. The 
latter will eventually take steps in 
order to stop the bell tinkling and 
request that the slot lever be replaced in 
its normal position. 

When used with the ver slot, this 
« slot stop ».is fixed near the latter, and 
when coupled up with the link slot at the 
point where the two sets of transmission 
wires meet. 


Operating three position signals 
0 to 45° and 90°. 


If we refer to the account of the new 
system of signalling (1), we shall see that 
signal arms that may be placed in three 
positions are of four kinds : 

4°. The home signal for an absolute 
stop, but serving at the same time as dis- 
tant signal for the next home signal, and 
is represented diagrammatically as shown 
by figure 58; 


(4) See the article by Mr. J. Verveyan, published 
in the May 1923 numberof the Bulletin. 


on 
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2° Distant signal which repeats the 
indications given on a junction bracket 
(fig. 59) ; 

3° A distant signal which repeats the 
indications of two home signals succeed- 
ing one another at a distance less than 
800 m. (875 yards) (fig. 60) ; 

4° Distant signal shown in figure 64 
and which repeats not only the indications 
of a junction bracket, but also those of a 
home signal preceding it at a distance less 
than 800 m. (875 yards). 


Roc 


Fig. 58. Fig.59. Hig.60. Fig. 64. 

The conditions for operating the si- 
gnals, as mentioned in the third and 
fourth cases, are identical with those in 
the first case, but are totally different 
from those in the second case. It will 
therefore be only necessary to compare 
the conditions for ee in the first 
and second cases. 


First case. — Three-position home si- 
gnal. — The arm is under the control of 
two signal cabins (which is the most 
usual case) or at least two different 
levers if it is operated from one cabin. 


We will first consider the arm being 


~ controlled from two cabins, the first of 


which we will call local cabin A, which 
can put the arm to the line clear position 
of 45° without interference from the 
other cabin, which we may call distant 
cabin B, the duty of which consists in 
putting the arm to 90° after it has al- 
ready been placed at 45° by the local cabin 
and when the following signal is giving 
line clear. 


Vil—4 


The working of the signals has to con- 
form to the following conditions : 


1° By working the lever in cabin A 
when the lever in cabin B is at danger, 
the arm is raised to 45°; 


2° By working the lever in cabin B 
after the lever in cabin A has been work- 
ed, the arm passes from the position of 
45° to that of 90°; 


3° In working the lever in cabin B be- 
fore the lever in cabin A has been worked, 
the arm remains in its position; 


4° In working the lever of cabin A 
after the lever of cabin B has been work- 
ed, the arm passes directly to the vertical 
position. 


Further, the arm being vertical : 


d° If the lever in cabin A is brought to 
its normal position before that of cabin B, 
the arm immediately falls from the ver- 
tical position to the horizontal one; 


6° If the lever of cabin B is brought to 
the normal position before the lever in 
cabin A, the arm falls from the 90° posi- 
tion to that of 45° 


Finally : 


T° If the lever in cabin A is brought to 
its normal position after the lever in 
cabin B has already been brought to its 
normal position, the arm passes from the 
45° position to the horizontal one. 


Second case. — Three-position distant 
signal repeating the indications of a junc- 
tion bracket. — The arm in this case is 


worked by two levers in the same cabin 
(that controlling the arms of the junction 
bracket). 

The controlling levers, distinguished by 
letters A and B, are interlocked, and we 
will suppose that lever A works the arm 
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protecting the branch line, and lever B 
that of the main line. The method of 
working is as follows : 


1° Lever A being worked, the arm passes 
from the horizontal to the 45° position; 

2° Lever B being worked, the arm 
passes from the horizontal to the vertical 
position. 


Note that A and B cannot be worked 
simultaneously and that the arm cannot 
pass from the 45° position to that of 90°, 
nor inversely from that of 90° to 45°. 


The conditions to be conformed to for 
working are therefore much simpler than 
those we examined in the preceding case. 

The conditions to be conformed to 
when working in the first case are obtain- 
ed by the use of Cesar’s slot arrangement 
for three-position signals or by the slot 
of the type made by the « Ateliers de Con- 
struction électriques de Charleroi ». The 
conditions for operating in the second 
case are obtained by the use of a balance 
lever with unequal arms. 


Cesar’s rotary slot system for working 
three-position signals. — Figures 62, 
63, 64 and 65 shown diagrammatically 
the different phases when working. The 
principles on which the construction of 
this apparatus are based are the same as 
those which governed the construction of 
the ordinary rotary slot, the only alter- 
ation being in a simple method for liber- 
ating the blades. 

Figure 62 shows the apparatus in its 
normal position, the two controlling 
levers being at danger. Swinger 7 is en- 
gaged in notch 17 of blade 3 and cannot 
get out as it is held in that position by 
blade 4; it is therefore obliged to follow 
blade 3 when this descends under the 
action of lever 1 in the local cabin. Blade 
3, however, does not carry swinger 7 


with it the full length of its displacement, 
for whilst notch 17 decends from the plane 
marked by the horizontal line AA down 
to the plane marked by the horizontal line 
CC, the swinger stops in notch 18 in blade 
4 which is controlled by lever 2 in the 
distant cabin. The swinger is obliged to 
remain in this notch (see fig. 64) be- 
cause its balance lever 10 is stopped by 
the stud 9’ in blade 4. Now the swinger 
in passing from plane AA to plane BB 
has drawn with it the arm which has risen 
from the horizontal position to that of 
45° (fig. 64) and the blade 3 has conti- 
nued on an over-travel, the amplitude of 
which is measured by the distance sepa- 
rating plane BB from plane CC. It is, 
thanks to this over-travel, that the 45° po- 
sition is accurately obtained and, made 
independent of the uncertain variations 
in the transmission wires from local 
lever 1. 


Lever 1 having been worked and the 
arm occupying the 45° position, if lever 2 
in the remote cabin is now worked, swin- 
ger 7 which is held in notch 18 of blade 4 
will follow the descent of the latter in 
which its notch passes from plane BB to 
plane DD. The swinger, however, will 
-be stopped in the middle of this travel by 
the stud 9 in blade 3, and at the same 
instant when the swinger finds itself 
opposite notch 17, it will have travelled 
from the plane BB to plane CC, thus 
bringing the arm from the 45° position ~ 
to the vertical one. Blade 4 will have 
continued in making an over-travel mea- 
sured by the distance separating plane 
CC from plane DD (fig. 65). 

We should point out that in order to 
bring the arm into the exact vertical po- 
sition depends, in any case, on. the posi- 
tion of the blade 3 worked by the lever in 
the local cabin. This is an advantage, 
because as a rule the transmission wires 


e669 


of this lever are generally fairly short, and 
for this reason can be more easily adjust- 
ed. Ifas shown in figure 63 remote lever 
2 had been worked before local lever 4, 
blade 4 would have descended (its notch 
passing from plane BB to plane DD) 
without the swinger being brought along 
by this action, and supposing this has 
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Fig. 62. Fig. 63. 


happened, the arm will remain at danger, 
but if lever 1 is worked after lever 2, the 
swinger 7 will be carried forward by 


_ blade 3 during the whole travel of the 


latter, and the swinger will pass directly 
on from ‘plane AA to plane CC (fig. 65) 
bringing with it the arm which will rise 
vertically. 
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Fig. 64. Fig. 65. 


Figs. 62 to 65. — Diagrams of the wor king of Cesar’s rotary slot system for three-position signals. 


The arm being now in the vertical po- 
sition, if lever 1 is put back into its nor- 
mal position, blade 3 will pull the swin- 
ger up by means of the stud 9 during the 
whole length of its travel and the swinger 
will thus pass from plane CC to plane AA 
directly, bringing with it the arm from 
the vertical to the horizontal position. 

If lever 2 of the distant cabin is put 
into its normal position before lever 4, 
the signal being vertical, blade 4 in as- 
cending will catch, at its half travel, the 


swinger 7 through the medium of its ba- 
lance lever and the stud 9’, and pull it 
along during the remainder of its course 
so that the swinger will pass from plane 
CC to plane BB, bringing the arm from 
the vertical position to that of 45°. 
Finally, the arm being in this position 
of 45°, if the local lever 1 is put back to 
danger, it is plain that blade 3, by means 
of stud 9, will catch the balance lever of 
the swinger. The latter will enter notch 
17 leaving at the same time notch 18, and 


— 670 — 


will accompany blade 3 for the rest of the 
travel passing from plane BB to plane AA 
and acting on the arm so that it returns 
to the horizontal position. 

All the requisite conditions enumerat- 
ed above have therefore been complied 
with. 


Construction of Cesar’s rotary slot for 
working three-position signals. — Though 
the essential points of the ordinary rotary 
slot have been adhered to in the arrange- 
ment of the slot for three-position signals, 
the construction, however, of the latter 
differs entirely from the first type. 

The slot for three-position signals is 
fixed to the shaft which rotates the arm. 
The swinger 7 in figure 62 is replaced by 
crank 7 (fig. 66) which is strongly keyed 
to the signal arm shaft. This crank is 
jointed to a balance lever fitted with two 
loose rollers. The outside cranks 4 and 2 
(corresponding to levers 1 and 2 in figure 
62) are cast in one piece (cast steel) 
with their respective dished bosses 3 and 4 
(corresponding to blades 3 and 4 in 
figure 62). 

The recesses in these bosses encirele 
the upper part of the crank keyed to the 
shaft, and in its normal position the latter 
comes into contact with a projecting part 
of the boss 3 joined up to the local lever; 


this projecting part is shown in dotted | 


lines behind the balance lever 7 in the 
cross section, and is indicated by the fi- 
gure 9 in the view in elevation and corres- 
ponds to stop 9 in figure 62. . The stop 9/ 
in boss 4 is also obtained by means of a 
projection from the latter and is shown 
dotted in both views in figure 66; the 
crank coming into contact with this stop 
in course of its rotation. 

The signal being at danger in its nor- 
mal position, one of the balance lever 
rollers is lying in the notch 17 of the boss 
3 which is joined up with the local lever. 


The balance lever is thus held stationary, 


the other roller being at this moment in 
contact with the periphery. of boss 4. 


When the local lever is worked, crank 
1 is drawn downwards and_ travels 
200 mm. (7 7/8 inches) measured on the 
vertical passing through the centre of 
the hole through which the shaft passes 
at the free end of the crank. In accom- 
plishing this movement, the crank turns 
the boss clock-wise through an angle of 
90°, and by means of notch 17 and the 
corresponding roller, the boss pulls crank 
7 round, which being keyed to the shaft 
of the signal arm, pulls round in its 
turn this shaft, and the signal itself 
in its rotary path. Crank 7, how- 
ever, is stopped at the middle of the 
travel of the boss by stop 9’ belonging to 
boss 4, and at the time crank 7 meets 
this stop, the second roller of the balance 
lever enters notch 18 and this allows the 
second roller to disengage itself from 
notch 17. 


Crank 7, the shaft of the arm, and the 
arm itself will have only turned through 
45°, while crank 1 and boss 3 will turn 
through 90°, thus making an over-trave! 
of 45°. 

The arm being raised to 45°, if the dis- 
tant lever is worked, crank 2 will turn 
the boss 4, and as this at the time forms 
one with crank 7 and the signal arm shaft 
through the medium of notch 48 and its 
corresponding roller, the arm is pulled 
round in the travel of boss 4, the latter 
turning through an angle of 90°. As in 
the preceding phase, however, the crank 
and the arm will only move through the 
first half of this travel, because at the 
end of the half distance, crank 7 will 
come into contact with stop 9 of the boss, 
whilst the right hand roller of the ba- 
lance lever will enter notch 17 of this 
boss, thus allowing the second roller to 
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leave notch 18 and boss 4 to accomplish 
its over-travel corresponding to an angle 
of 45°. 

Placing the local lever 1 into its normal 
position before lever 2 causes the signal 
arm to be brought to danger by means of 
the continuous action of the stop 9 on 
the crank; and placing lever 2 in its nor- 
mal position before lever 1 brings the 
arm to 45° by the action of stop 9’ on the 
crank. 

The bosses, crank 7 and the rollers are 
enclosed in a cast iron gear case in two 
parts, which are bolted together with a 
paper joint inserted between the flanges. 
This gear case is half filled with oil to 
avoid the seizing of the rollers and 
spindles, « oleo-naphtha B » being used 
for this lubrication by the Belgian State. 


Zine covering, — It is of the utmost 
importance to prevent any rain water 
entering the gear case, for if this should 
happen through any defective joint, the 
water would sink to the bottom of the 
casing and gradually expel the oil which 
would leak away at the shaft joint, and 
the freezing of this water in Winter 
would prevent the working of the signal. 

In order to completely avoid any filter- 
ing in, the slot apparatus for three-posi- 
tion signals is covered with a zinc casing 
fixed on to the gear case itself below the 
joint by means of the bolts connecting the 
parts of the case together, in this way any 
entrance of rain water is practically im- 
possible. 

As an additional precaution, a copper 
screw for emptying purposes is fitted in 
the bottom of the gear case, thus allowing 
a periodic examination to be made of its 
contents. 


Recommendations. — The keying of 
the crank on to its shaft should be most 
carefully done in order to avoid any risk 


ot it becoming loose, and the pins of the 
balance lever (centre and roller pins) 
being in constant use should be made in 
case hardened steel. These should be 
examined periodically and renewed if 
any signs of wear or seizing are noticed. 

The spindle joining up cranks 1 and 2 
to the operating coupling rods should be 
solidly cottered up by means of a double 
cotter fixed at its end, and it is worth 
while drawing attention to this detail, 
because it is easy to see that any accident- 
al uncoupling of the operating rod work- 
ed from the distant box, or uncoupling 
resulting from the dropping of the 
spindle, would cause crank 2 to fall down- 
wards in consequence of its own weight, 
this crank having in fact nothing else to 
turn but boss 4. The consequence of 
any irregular rotation of this boss would 
be to bring the arm to 90° if the local 
lever only is worked. 


Note. — The travel of crank 1 worked 
from the local cabin cannot be altered in 
any case, because by its means the posi- 
tion of the signal at 90° is maintained; 
this, however, does not apply to crank 2 
corresponding with the distant lever. 
This crank has a travel of 200 mm. (7 7/8 
inches) measured vertically from the 
centre of the hole in which the shaft 
works. 

The disengaging balance lever also 
travels 200 mm. measured vertically from 
the centre of the hole for the spindle 
situated at the end of the balanceweight 
lever. 

We may point out that in these condi- 
tions the passing of the arm from the 45° 
position to that of 90° takes place during 
the first half of the travel of the disen- 
gaging balance lever, that is to say, during 
the travel of the first 100 mm. (3 7/8 
inches) of this lever. Now, anything out 
of order in the transmission system of 


— 673 — 


the distant lever may cause the disengag- 
ing balance lever to fail to come to the 
end of its travel. Let us suppose that 
in consequence of some abnormal fault 
in the pull to danger wire a loss of travel 
is produced in the return of the balance 
lever and that this has remained raised to 
a height corresponding to a loss in travel 
of say 50 mm. (1 7/8 inches); in conse- 
quence of this loss in travel boss 4 will 
not have returned to its original position, 
but will be as much as 22° 30/ out of it, 
which in case of working the local lever 
would bring the signal arm to 67° 30’, 
instead of 45°. 


Let us now suppose that the over-travel 
of boss 4 was entirely done away with, 
and only a travel of 100 mm. (3 7/8 
inches) was given to crank 2 instead of 
200 (7 7/8 inches) (which could be 
obtained by halving the arm of the coun- 
terweighted balance lever coupled to the 
disengaging balance lever) the loss of 
50 mm. (47/8 inches) travel, as previously 
taken into account, would be reduced 
by half, because of the corresponding 
reduction of the arm of the crank lever, 
and boss 4 will only be displaced by an 
angle of 11° 15’ instead of 22° 30/, which 
would be less dangerous from a safety 
point of view. 


This method of doing away with over- 
travel, which we have just explained in 
order to make things clear, cannot, how- 
ever, be put to practical use, because the 
run of the wires to the distant cabin are 
generally of some length, and the absence 
of over-travel would cause the arm to be 
placed in doubtful positions. 


The true solution consists in reducing 
the total travel and keeping at the same 
time sufficient over-travel. We may 
adopt for instance a total travel of 
150 mm. (5 7/8 inches) instead of 
200 mm. (7 7/8 inches). which may 


easily be obtained by putting the coupling 
joint of the acting coupling rod further 
back towards the centre of rotation of the 
counterweighted balance lever. 


Fitting up the slot for three-position 
signals — Adjustment.— Figure 67 shows 
the apparatus fixed on a semaphore. The 
triple spectacle frame is fitted with red, 
yellow andsgreen roundels, starting from 
the top to, the bottom. 

The disengaging balance levers are 
fixed on each side of the post, and each 
of the balance levers, coupled up to the 
disengaging lever, is fitted with a bal- 
anceweight for the purpose of ensuring 
that the working parts of the slot appar- 
atus shall return to their normal position 
in case a pull to danger wire breaks, and 
also to assist the « pull back » of the trans- 
mission wire when the hand levers are 
put back in their normal position. 

The arm being at danger, the boss 
worked from the local lever is bearing 
against the roller balance lever crank, 
which rigidly following the position of 
the signal arm, is at this moment vertical. 

The angular normal position of crank 1 
(worked from the local lever) is therefore 
automatically determined, and the length 
of the coupling rod working the signal 
from this crank is measured by placing 
the disengaging balance lever at the end 
of its travel, whilst the signal arm is 
horizontally fixed against its stop, and 
the boss worked from the local lever is in 
contact with the crank of the roller ba- 
lance lever (fig, 66). 

All that is necessary to fix the length 
of the second coupling rod, the signal arm 
being horizontal, is to place the second 
crank of the slot at the same angle as the 
first crank, for in this position the centres 
of the holes for the pins of these two 
cranks should be exactly at the same level. 

The crank worked from the local lever 
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its rotating spindle, 


rotary slot fixed behind the’ arm on 


oo 
_ Fig. 67. — Three-position home signal worked 


by. means of Cesar’s 
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should travel through an angle of exactly 
90°, this travel being fixed in both direc- 
tions by means of the horizontal and ver- 
tical stops of the signal arm. 

It should be noted that the travel of the 
second crank, worked from the distant 
lever, is only limited by the length of the 
coupling rod working it, and indirectly 
by the stops formed by the carrier of the 
disengaging balance lever. 

We have just seen, however, that this 
travel, though normally 200 mm. (7 7/8 
inches), is often reduced to 150 mm. 
(9 7/8 inches) so as to minimise the 
effect of the transmission system if it 
gets out of order. 

Under these conditions, the parallelism 
of the cranks only exists in their normal 
position, and it is wise to make certain 
that the crank worked from the distant 
cabin cannot even under the influence 
of a sharp pull go to any appreciable ex- 
vent further than its proper amount of 
travel (towards the bottom). We think 
this ought to be pointed out, because 
there is no stop to fix the limit of this 
travel, and one might be afraid of the 
crank getting into a straight line with the 
coupling rod working the arm and be- 
coming wedged which would prevent it 
operating. 

The length of the coupling rod should 
be adjusted in consequence, and the coun- 
terweighted balance lever stops on its 
carrier should be checked. 

The length of the coupling rod work- 
ing the screens and that of the crank 
controlling the screens are adjusted so 
that. the triple spectacle frame turns 
through an angle of 90° during the com- 
plete travel of the arm, the red glass in 
the spectacle frame coming before the 
light of the lamps when the signal arm 
is af danger, and the Isly blue glass will 


come completely before the corresponding 


opening of the lamp when the arm is 
vertical. 

In order to prevent the triple spectacle 
frame being reversed due to a sharp pull 
of the hand lever, a stop limiting its travel 
is placed at the line clear position. 

The two transmission wires should be 
well stretched, and any shortening of the 
travel should be made at the foot of the 
signal by means of a travel*reducing ba- 
lance lever. 

The working of the disengaging balance 
levers should be carefully examined, and 
it should be made certain that the coun- 
terweighted balance levers come properly 
to the bottom of their travel in both their 
positions in whatever way the lever may 
be worked. This test should especially 
be made for the transmission wires lead- 
ing to the distant lever when the latter has 
been put back to danger after the local 
lever. Similar tests should be made a 
few days after the signal has been put to 
work, choosing if possible a time when 
the temperature is fairly high: 


Three-position signal slot made by the 
« Ateliers de Constructions électriques de 
Charleroi » (figs. 68:to 72). — The Admi- 
nistration of the Belgian State Railways 
has put into service a certain number of 
home signals, the arms of which are con- 
trolled by the slot constructed by the 
« Société des Ateliers de Constructions 
électriques de Charleroi ». 

This slot, which has also given good 
results, is placed at about a man’s height 
on the signal post in order to facilitate 
the examination, etc., of the interior parts, 

It is made (figs. 68 and 69) of a cast 
iron box with a bolted cover and an india- 
rubber joint placed between the cover 
and the box. This latter has two mild 
steel spindles 3 and 4 passing through it 
and fixed in the same straight line, one 
at the end of the other. . 


oS 


— 617 — 


A counterweighted balance lever 1 cou- 


‘pled to a disengaging balance: lever is 


keyed on to spindle 3 in front of the box, 
whilst behind the latter a second coun- 
terweighted balance lever 2, also coupled 
to a disengaging lever, is keyed on to 
spindle 4. 

The action of the disengaging levers 1 
and 2 is therefore to turn respectively 
spindles 3 and 4. 

Spindle 3 communicates its rotary mo- 
tion to a cast steel sector 5, which in its 
normal position comes into contact with 
a roller fixed on spindle 9 of the balance 
lever 10. This latter is keyed to spindle 
44 which passes through the cast iron box, 
and on this spindle is keyed outside the 
box, crank 12 coupled to rod 13 which 
works the signal arm. . 

A spindle 16 joins sector 5 to a balance 
lever 15 which is free to turn round 
spindle 16, and to balance lever 15 is fitted 
a second spindle 17, the roller of which 
comes normally into contact with sector 
18. The latter being keyed to spindle 4 
receives through the medium of this 
spindle the rotary motion communicated 
to it by the second balanceweight lever 2, 
as mentioned above. 

In their normal position, sectors 5 and 
18 come respectively into contact with 


_ the interior stops 20 and 19; the rotary 


motions communicated to sectors 5 and 
18 are in opposite directions, sector 18 
turning clockwise, and sector 5 the other 
way about. 


Working of the apparatus.” 


0° to 45° position. — When cabin A 
(local) reverses its hand lever it pulls 
down the disengaging lever 1 and its cor- 
responding balanceweight, and sector 5 
takes the position shown in figure 70. 
The roller spindle 9 pushed back by the 
inclined plane ab of sector 5 causes the 


balance lever 10 to turn, and this by 
means of spindle 11 pulls the crank 42 
and with it rod 13 which places the arm 
in the 45° position. 

It should be noticed that the shape of 
sector 5 causes an over-travel to occur 
both before and after the working of the 
arm, thus forcing the latter to occupy 
strictly definitive positions. In fact, 
balance lever 10 only begins to move 
when its roller 9 comes into contact with 
the inclined plane ab of sector 5. On 
each side of this inclined plane the con- 
tours of the sector are part of the cir- 
cumference of a circle having for centre 
the centre of the spindle 3-4, and the slid- 
ing of the roller over these contours 
consequently does not cause any displace- 
ment of the balance lever 10. 

During the working of the arm, the 
roller fixed on spindle 14 of Dalance lever 
10 remains in contact with the upper 
portion of sector 5, and at the instant the 
arm reaches the 45° position, this roller 
comes to rest on the top part of sector 18. 
When the signal arm passes from 45° to 
90°, the roller 14 will only leave sector 18 
so as to come to rest on sector 5, so that 
in this way the rollers placed on spindles 
9 and 14, at the extremities of balance 
lever 10, always coming into contact with 
the sectors, it is impossible to work by 
hand from the outside crank 12 or the 
rod 13, and consequently the signal arm. 
The positions of these are therefore enti- 
rely due to the motion communicated to 
sectors 5 and 48, 


45° to 90° position. — The signal arm 
being at 45° (fig. 70), if the lever in 
cabin B (slotter) is worked, the disen- 
gaging balance lever 2 and the corres- 
ponding counterweight lever are reversed, 
as shown in figure 71, pulling along 
sector 18. The rotation of the latter has 
the effect of bringing the arm from the 
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Figs, 68 to 72. — Slot for working three-position signals 
supplied by the « Ateliers de Constructions électriques de Charleroi ». 
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Fig. 7267s. Fig. 72ter. 


Three-position signal arm worked by means of a slot 
supplied by the « Ateliers’de Constructions électriques de Charleroi '», 


45° position, 90° position 
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45° position to that of 90° for the follow- 
ing reason : 

After working balance lever 1 and the 
corresponding sector 5 (fig. 70), the 
balance lever 15, suspended by means of 
spindle 16.to sector 5, has placed itself in 
contact. with roller 9 fixed on the spindle 
of balance lever 10, the roller fixed on 
spindle 17 of the balance lever 15 remain- 
ing in contact with sector 18. 

The latter being reversed (and spindle 
146 remaining stationary) pushes back 
roller 9, thus working balance lever 10 
and consequently crank 12 as well as the 
arm which therefore passes from the 45° 
position to that of 90°. 

The displacing of roller 17, and conse- 
quently its balance lever 15, is brought 
about by sliding on the inclined plane cd 
of sector 18, and it will be seen that on 
each side of the inclined plane cd the 
contours of the sector 18 take the form 
of a part of the.circumference of a circle, 
having for centre the centre of spindle 
3-4, so that the sliding of the roller 17 
on these contours.does not bring about 
any displacement of balance lever 15, and 
consequently there is an over-travel of 
balance lever 2 and the sector 18 at the 
beginning as well as at the end of the 
operation, thus ensuring a perfectly defi- 
nite position of the arm at 45° and 90°. 

Figure 72 shows the position of the 
parts when the arm is showing line clear, 
the local cabin A puts its lever back to 
danger before the slot cabin B, or else 
the arm being at danger the slot cabin has 
worked its lever before the local cabin. 

If the local cabin A puts back its lever 
to the normal position, the signal being 
at line clear, then sector 5 in bringing 
back the balance lever 15 and acting on 
roller 14 pulls back balance lever 10 into 
its normal position, thus bringing the arm 
from 90° to 0°. In this position, how- 


ever, it will be seen that on again revers- 
ing sector 5, the arm will pass directly 
from 0° to 90° by the successive action of 
sector 5 and the balance lever 15 on the 
roller 9. 

All the requisite conditions have thus 
been conformed to. 


The method of adjusting the transmis- 
sion wires is identically the same as for 
Cesar’s rotary slot. 


Operating a three-position distant si- 
gnal by means of a balance lever with 
unequal arms (fig. 73). — We have al- 
ready examined the method of working a 
distant signal arm repeating the indica- 
tions of a junction bracket, and it will 
be remembered that working one of the 
levers has the effect of placing the signal 
arm to 45°, and that working the other 
lever will put this arm into the vertical 
position; also that two levers worked 
from the same cabin are so interlocked 
that the possibility of passing the arm 
from 45° to 90° and vice versa is not 
feasible. ; 

Each of the disengaging balance levers 
is joined up to the extremities of a ba- 
lance lever, one arm of which is twice the 
length of the other. This balance lever is 
coupled up by means of its pivot, on the 
one hand to the end of a crank, the axis 
of rotation of which is fixed to a carrier 
bolted to the signal post, and on the other 
hand to the signal arm by means of a 
vertical coupling rod, a bell crank, a 
horizontal coupling rod, and a crank 
keyed on to the rotating shaft of the 
signal arm. 

The counterweighted balance lever 
which controls the 45° position is joined 
up by means of a coupling rod to the end 


- of the long arm of the balance lever, and 


the counterweighted balance lever con- 
trolling the 90° position is joined up Dy 


Fig. 73. — Three-position distant signal 
fixed on a reinforced concrete post and worked by means of a balance lever with unequal arms. 
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means of a coupling rod to the end of the 
short arm of the balance lever. 

The effect of working one of the disen- 
gaging balance levers naturally causes 
the corresponding lower extremity of the 
balance lever with unequal arms to be 
drawn down, and this action is commu- 
nicated to the crank and consequently to 
the signal arm. 

When the balance lever is pulled from 
the end of its short arm, the displacement 
of the crank downwards is double that of 
the displacement which occurs when the 
balance lever is pulled at the end of the 
long arm. The length of the crank is 
calculated so that in the latter case the 
arm will come to the 45° position and 
consequently to the vertical position in 
the first case. 

‘The balance levers coupled up to the 
disengaging balance levers are fitted with 
counterweights, for reasons which we 
have already pointed out. 

The working of one of the counter- 
weighted balance levers reacts on the 
other through the medium of the balance 
lever with unequal arms, ant it is clear 
that whilst the end of one of the 
counterweighted balance levers is pulled 
downwards when it is worked, the 
corresponding end of the second coun- 
terweighted lever is pulled upwards 
by means of the balance lever with une- 
qual arms. The stop of the counter- 
weighted lever on the carrier of the disen- 
gaging balance lever should oppose this 
displacement. 

A lamp giving a double light is made 
use of, the direct light appearing white 
behind a transparent glass, whilst the 
reflected light appears behind an Isly 
blue glass showing green. 

The triple spectacle is fitted with a 
yellow glass in the top and central roun- 
dels and a sheet iron plate to mask the 


light in the bottom roundel. To a pro- 
longation of the top roundel, a sheet iron 
plate is rivetted, which in normal condi- 
tions covers the green light of the lamp, 
so that only the yellow light is visible 
when the arm is at danger, and also visi- 
ble at the same time as the green light 
when the arm is inclined to 45°. Finally, 
if is covered and the green light only is 
apparent when the arm is vertical. 


Working of a distant signal which re- 


_ peats the indications of two other signals 


less than 800 m. (875 yards) apart. — 
The conditions for working are exactly 
the same as those for three-position si- 
gnals, because passing the arm from 45° 
to 90° may happen when the distant si- 
gnal having already been placed at 45° 
(whilst the second inner signal was still 
at danger), this second signal is then put 
to line clear only a short time before the 
arrival of a train. The driver of this 
train having already seen the distant si- 
gnal standing at 45°, there can be no ques- 
tion of putting it back to danger and then 
immediately after place it at 90°, which 
would have to be done if a balance lever 
with unequal arms was made use of. 

This case therefore ought to be dealt 
with in exactly the same way as that of 
the three-position home signal. 


Numbered arms. — Figure 74 shows a 
balanced arm coupled up with eight num- 
bers. The disengaging levers are fixed 
four by four on two carriers, and each 
disengaging balance lever crank is joined 
by means of a coupling rod to the frame 
containing the corresponding number. 
The number plates turn round on a com- 
mon shaft on which also swivels a coun- 
terweighted framing containing all the 
numbers. Any required number is 
raised when its tail end is pulled down by 
means of the rod working it. On coming 
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down, this tail end pulls with it the its shaft: The frame is joined to the 
frame, causing the latter to rotate round signal arm by means of a vertical coup- 
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Fig 74. — Balanced signal arm coupled up with eight numbers. 


_ ling rod, a bell crank, a: horizontal coup- . On the opposite side to which the coup- 


ling rod and a crank keyed to the signal — ling rod is placed, this frame is provided 
arm. nea with a balanceweight which rises when 


VII—5 


— 684 — 


the arm is placed at line clear, and is 
arranged so as to bring back the arm to 
danger in case a puli to danger wire 
should break. The numbers are painted 
on both sides of a sheet iron plate 2 mm. 
(0.078 inch) thick screwed on to a cast 
steel frame tail plate, and at night they 
are lit up back and front by special lamps 
fitted with three burners supported by a 
framing fixed to the post, to which is 
added a platform from which their me- 
chanism can be examined. 


Slotting the numbers (fig. 75). — 
When one number only is slotted, this 
may be done by inserting a Cesar’s rotary 
slot in the run of the wire. 

Generally speaking, however, sema- 
phores which indicate numbers are used 
in large stations where transmissions by 
wire are often difficult to arrange, so that 
the slotting of the numbers is done elec- 
trically by means of a disengager inserted 
between the numbers and the signal arm. 

One disengager only is necessary for 


| 
i 
| 


ee nt ee en, \ \ 
| 


Fig. 75, — Slotting of an arm: working with numbers accomplished by means ofa disengager. 


the slotting of several numbers. Slot 
cabins have an arrangement of switches 
inserted in the circuit of the disengager, 
and the selection of circuits is generally 


made at the local cabin by means of 
switches worked by the point levers. 


Semaphores with two arms, one of 
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which is a distant signal. — There are 
three cases to consider according to the 
way the top home signal is coupled up : 

1° To a distant signal rising to the 45° 
position only; 

2° To a distant signal repeating the 
indications given at a junction bracket; 

3° To a distant signal repeating the 
indications of two following home signals 
less than 800 m. (875 yards) apart. 


These three cases are respectively shown 
by the conventional signs given by 
figures. 76, 77 and 78, and in each one 
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of them the home signal can be placed in 
three positions. 


Fig. 76. Fig. 77. Fig. 78. 


First case. — Home signal coupled up 
to a distant signal rising to the 45° posi- 
tion only (fig. 79). — This is the case of 
a semaphore fixed at less than 1000 m. 
(1100 yards) before coming to a junction 
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Fig. 79. — Diagram of the working of a three-position home signal coupled 
up to a distant signal which rises to the 45° position only. 


.Eaplanation of French terms : Slot rotatif = Rotary slot. — Levier A du poste local = Lever A of local cabin, 
— Poste local = Local cabin. — Poste slotteur = Slot cabin. — Levier B du poste slotteur = Lever B of 


slot cabin. — Désengageur = Disengager. 


bracket on the two branches of which the 
trains must proceed at caution. 


First hypothesis. — Let us suppose 
that the junction bracket is worked from 
a cabin which we will call « slot cabin », 
whilst the two-armed semaphore is work- 


ed from another cabin which we will call 
« local cabin ». 

As shown in figure 79, the home signal 
is worked in three positions by means of 
a rotary slot fixed on the shaft on which 
the arm rotates, the 45° position being ob- 
tained by means of a lever A in the local 


slot cabin. 


Seah and. that of 90° ° by a 


The distant arm is Pporeeal on a sever ce ‘J 


in the local cabin and slotted electrically 
by means ofa disengager. 
"At the slot cabin, an interlocking ar- 


rangement is fitted up between lever B_ | 


and the levers of the junction signals, 
necessitating that first of all one of the 
latter must be placed at line clear, in or- 
der to allow lever B to give line clear. — 

On the other hand, the following inter- 
locking must be arranged between levers 
A and € at the local cabin : 


em ed) 

c A 
mnich requires that lever A should be 
reversed in order that lever C may be 
reversed in its turn. The distant signal 
cannot be placed at 45° until after the 
arm above it has been placed at 45°; but 
this is not all that is required, for it is 
necessary that the distant arm shall not 
de placed in the line clear position until 
the top arm itself is standing at 90°. In 
order to arrange this, the distant arm is 
slotted by means of a disengager, the 
electro magnet of which is inserted in an 
electric circuit comprising the switches 
worked by the arm of the home signal and 
those of the junction bracket in such a 
way that, in order for the electro magnet 
of the disengager to be excited and the 
distant arm be raised to the 45° position, 
the arm of the home signal must come to 
90°, and one of the junction bracket arms 
_ shows line clear. Breaking the contact 


of one of the switches, which would 


result from placing one of these arms to 
danger, would inde a magnet 


(4) five article by J. Veneeveen « On the practical \ 


study of. interlocking » (International Railway. 
Association Bulletin, February 1921, p. 196). 


levers A, B and a: 


(to reverse C, levers A and B must 


.and E working the arms of the junction 


~ will be made use of 


sign to line mike 


Second ote es ie 


the following introns 


be reversed). 
In addition to this, interlseerige maugt = es 
be arranged between lever B and levers D- 


bracket. These Interlockings will be as 
follows : wea 


f=i4s 


(to reverse B one of the levers D and E 
must also be reversed). ‘ a ; 

The rotary slot is kept for the purges 1 
of working the top. arm on \ the semaphore z- 
fitted with the two arms. : 


_ Third hypothesis. — A third h ypoth 


the ala babies ‘bough ‘the 
Cae is Die’ eal at 


Ain ata Aik for: 


second -disengager fo 
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working the Cesar apparatus, which is 
itself worked by lever B. This disen- 
gager, the electro magnet of which is 
placed in series in the circuit of ‘the di- 
sengager of the repeater, is excited before 
the latter is when the circuit is closed by 
the switches controlling the placing at 
line clear one of the arms D or E, and to 
the 45° position of the top arm of the 
semaphore provided with two arms. 

The disengager of the distant signal 
arm is only excited later on after the ver- 
tical position of the top arm of the double 
armed semaphore has been checked by 
means of an additional switch. 
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Second case. — Home signal working 
in conjunction with a three-position dis- 
tant signal repeating the indications of 
a junction bracket (fig. 80). 


First hypothesis, — The vertical posi- 
tion of the top arm of the double armed 
semaphore is arrived at by working lever 
B in the slot cabin, and levers D and E 
in this box work the junction bracket 
arms corresponding respectively to the 
straight line and the branch line. 

The top arm of the double armed sema- 
phore is placed in the 45° position by 
means of lever A in the local cabin, and 


% 
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Fig. 80. — Diagram of the working of a three-position home signal coupled 
up to a three-position distant signal repeating the indications of a junction bracket. 


Explanation of French terms; Slot rotatif= Rotary slot, — Levier du poste local = To lever of local cabin. 
Levier du poste slotteur = To lever of slot cabin. — Désengageur = Disengager. 


the 45° or 90° positions of the distant si- 
gnal by lever C worked by itself in the 


local cabin. The 45° position is obtained 
when the electro magnet of the disengager 


Ae ate by a balance ever 


only fixed point in the arrangement. 


ed at the slot cabin : 


Bt E 
: 3 Nee and at the local cabin.:.. Beeb Seg toe 
neo : : oe x aaa t 


fis! The disengager N is only exited when 
se the circuit in which it is inserted is clos- 


ed by the switches controlling: 1° the © 


‘i vertical position of the signal E, and 
2° the vertical position of the top arm of 
the two-armed semaphore. A disc and 

bell arrangement fixed in the local box 
warn the signalman that the disengager 
is excited, and that lever C may be worked, 
and the bell does not stop tinkling until 
this is done. Lever C being reversed, its 
motion transmitted by the disengager N, 


pulls the extremity S of the balance lever | 


RS downwards, which action through the 
displacement of crank PO places the arm 
in the 45° position. Observe that the 


disengaging balance lever fixed to. the 


front face of the disengager N on being 
ae aN transmits its motion to the: See 


Sige of ‘the ‘latter not being He 


4 the motion has not been communicated to 


__the ba ck crank of the disengager. 


The electric circuit of the disengagers at 


with amual arms RS which turns round 

spindle o, and coupled by means of this 
- spindle to a. -counterweighted balance le- 
ver rotating | round spindle P which i is the 


The following interlockings: are obtain- =: 


 disengager M. Ao 


slotted... 
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Pelng ree n acted! t 
equal armed bala: 
ee means 


Shin ‘is. pulled by “the 


pee to woe simultaneous a 


bingy AW pete arm inte ie 
tical oe ae 


‘Suasten “hypothesis. — The junction | 
bracket and — ‘the two-armed semaphore 
are worked from the same ca n, and th 7 
arms of the ids alan | are 


qual arms. ‘The lever C wot 
is pr ie ihe. iy eae 
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Third bothee pat 


position). 


‘The ethan of the first hypothesis! : 
will be made use of (working the distant 


arm by means of a solitary lever C and the 
use of two disengagers M and Nera 
third disengager is inserted in the coup- 
ling rod working the. Cesar slot eoupled 
up to lever B. 

The interlockings of levers A] BCs 
which are in the same cabin, will be as 
follows : 


Cea: Fe “4 


The same electrical pinouts will be 
used as in the first hypothesis, but 
slightly altered by the introduction of 
disengager P which will be excited before 
N as soon.as the circuit is closed by the 


switches controlling : 1° placing at line | 


clear either D or else E; 2° giving line 


clear at the 45° position ‘of the top arm 


of the two-armed semaphore. 


Exciting the. disengager P allows eS 
line clear at 90° to be given to the latter _ 
arm, and the electrical control of this — 


position afterwards allows either the di- 


sengager N or simultaneously the disen-. 


gagers M and N to be electrically excited. 


Third case, — Home signal working 
in conjunction with a three-position dis- 


tant signa one Wein the indications | 


The sipeation! « 
bracket and the two-armed semaphore ~_ 
are worked from different. cabins, but it. ive 
is not possible to work from the slot cabin — 
the top arm of the two- armed semaphore - 
(for Hoang from the 45° to the 90° 


‘medium of a a rotary 
of the signal arm. 


The distant ee of 
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tinkle when he works lever G. Thanks to balance lever down, which causes lever 
the disengager N being excited, his action OP to turn and place the distant arm in 


pulls the extremity S of the equal armed 


4 hh 
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the 45° position. 
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Fig. 81. — Diagram showing the working of a three-position home signal working in 
conjunction with a three-position distant signal repeating the indications of two signals 
situated in front and Jess than 800 m. (875 yards) apart, 


Explanation of French terms : Slot rotatif = Rotary slot, — Levier du poste local = To lever of local cabin. 
Levier du poste slotteur = To lever of slot cabin. — Désengageur = Disengager, 


The two disengagers M and N are ex- 
cited simultaneously when the electrical 
circuit controls the vertical position of 
the arm of semaphore n and the vertical 
position of the top arm of semaphore M. 
In these conditions the bell tinkles in the 
cabin until both levers C,and D are 
worked. On account of the two disen- 
gagers being excited, this double action 
has the effect of lowering the two extre- 
mities of the equal armed balance lever 
and bringing the distant signal arm into 
the vertical position, 


Second hypothesis. — The three sema- 


phores are worked from the same cabin, 
n and o not being slotted. 

The top arm of semaphore m is worked 
by means of a rotary slot and the distant 
signal of the same semaphore by a ba- 
lance lever with two equal arms. 

The following interlockings are ob- 
tained when working from one cabin 
only : 


D A-B:F 
Third hypothesis, — Semaphores n and 
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oon the one hand, and m on the other 
are worked from different cabins, but 
contrary to the first hypothesis, lever B, 
which cannot be worked from the slot 
cabin, is placed in the local one. 

As with the similar hypothesis in the 
two preceding cases, the solution of the 
first hypothesis is followed, but modified 
by the insertion of a third disengager P 
in the coupling rod of the rotary slot 
worked by lever B. 

The distant signal arm is worked by 
means of an equal armed balance lever 
and two disengagers M and N, and the 
following interlockings are obtained in 
the local cabin : 


Rie Gamera ee 

Exciting disengager P precedes that of 
disengagers M and N and takes place 
when the electric circuit is closed by the 
switches controlling the 45° position of 
the arm of semaphore n and the same 
position of 45° of the top arm of sema- 
phore m. 

Exciting disengager P allows the latter 
arm to be placed at 90°, and it is by clos- 
ing the switches controlling the latter 
position that the exciting either of disen- 
gager N or simultaneously the disengagers 
M and N may take place later on, thus 
allowing the repeating arm to be placed 
respectively in the 45° and 90°. positions. 


New arrangement for working two- 
armed semaphores, one of which is a dis- 
tant signal (fig. 82).— When the top arm 
is vertical, the distant arm should be 
either at 45° or else at 90°, there is there- 
fore a lack of agreement in the indication 
when the top arm is vertical, whilst the 
distant arm is in the horizontal position, 
the vertical position of the home signal 
indicating that the following signal is at 


line clear, whilst the horizontal position 
of the distant signal indicates that it is 
at danger, 

This defect in indicating may happen 
with the working arrangements just de- 
scribed, because placing the distant signal 
at line clear is done after the home signal 
has been placed in the 90° position. 

The signalman may neglect putting the 
distant signal to line clear, or even simply 
wait too long before doing so. 

As far as safety is concerned, this 
disagreement in the indication is not of 
great importance, for at any rate it only 
occurs when the following signal is show- 
ing line clear, and could hardly cause the 
driver to slow up when there is no reason 
for him doing so. Nevertheless, in order 
to avoid this happening, it is advisable 
that both arms should be worked simul- 
taneously, and the Administration of the 
State Railways is trying a new arrange- 
ment, shown in figure 82, by which this 
simultaneous action can be obtained. 

The whole arrangement is manipulated 
by means of two hand levers A and B in 
the local cabin, the top arm being worked — 
through the medium of an equal armed 
balance lever OP, and the lower arm 
through the medium of an equal armed 
balance lever RS. 

By working lever A, the extremity O of 
the balance lever OP is pulled down and 
the top arm is placed at 45°. When lever 


B is worked we get : 4° no motion trans- 


mitted to the arm if the two disengagers 
are not excited; 2° if only disengager M is 
excited (which happens when its circuit 
is closed by the switches controlling the 
placing of the arm F of the bracket y in 
the line clear position, and the 45° posi- 


-tion of the top arm of semaphore 2), the 


action of the disengaging balance lever, 
worked by lever B, is transmitted by ~ 
means of the back crank of disengager 


aaa el 
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M to the extremities S and P of the two 
balance levers RS and OP, the result be- 
ing to place the distant signal arm to 45° 
and at the same time passing the top arm 


from 45° to 90°; 3° if the two disengagers 
are simultaneously excited (which -hap- 
pens when their circuit is closed by the 
switches controlling the vertical position 


Feésle slo(leur. 


Fig. 82. — Diagram of the new arrangement for operating a three-position home signal 
working in’conjunction with a three-position distant signal repeating the indications 


of a junction bracket. 


of arm E on bracket y, and the 45° posi- 
tion of the top arm of semaphore x), the 
motion communicated by lever B to the 
disengaging balance lever of the disen- 
gager M is transmitted by the back cranks 
of the disengagers M and N respectively 
to the extremities P and S of the two ba- 
lance levers OP and RS, as well as to the 
extremity R of the latter, so that the top 


signal will be placed in the vertical posi- 
tion at the same time as the distant signal. 

To put a final touch to this arrange- 
ment, the case has been provided for 
when, on account of some unforeseen 
incident, a break down should occur in 
the working of the disengager M after 
the disengager N has been excited. The 
consequence of working lever B would 
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Fig. 83. — Two-armed semaphore built according 
to the indications shown diagrammatically in figure 80. 
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then be to pull down the extremity R of 
balance lever RS and to place the distant 
signal to 45° at the same time the top 
arm is in this same position of 45°. 

In order to avoid this happening, the 


NT balance lever RS is fitted with a third 


S 


arm T, which in case the end R only is 
pulled downwards, it would open a switch 
inserted in the circuit of the disengager 
N, which would then cease to be excited 
and so cause the distant arm to fall. 

This arrangement has so far given 
excellent results on trial. 


Construction of two-armed semaphores 
(fig. 83). — The parts which are used for 
building up two-armed semaphores are 
the same in every respect as those used 
in the construction of one-armed sema- 
phores. One new device, however, is 
used which is independent of the triple 
spectacle frame in order to obtain the 
light required; this is the mask. 

One lamp only is used showing two 
lights and placed a little below and to the 
right of the top arm. This lamp is fitted 
with a plain white lense placed directly in 
front of the flame and an Isly blue glass 
placed in front of the reflected light. 

The triple spectacle frame, which is 
worked by the home signal arm, is fitted 
with a red glass in its top frame, and with 
yellow glasses in the two other frames. 

A sheet iron mask placed behind the 
spectacle and turning freely on the rotat- 
ing spindle of the screens may be raised 
and turned in the same direction as the 
spectacle frame itself. This mask is 
worked, at the same time as the distant 
signal arm by means of a coupling rod 
jointed at its bottom extremity to the 
crank working this arm. 

The two arms being at danger in their 
normal position, the green light of the 
lamp is hidden by the mask, and the red 


errr ae oe 


light of the triple spectacle is alone 
visible. The top arm being at 45° and 


the bottom one horizontal, the green light - 


of the lamp is always covered, and the 
yellow light given by the central spectacle 
frame is shown. When the top arm is 
vertical and the bottom one at 45°, the 
yellow light given by the bottom glass of 
the frame appears at the same time with 
the second green light of the lamp, its 
mask having been raised by the distant 
arm. 

Finally, when the two arms are vertical, 
the mask hides the direct light, whilst the 
green light appears by reflection through 
the Isly blue glass of the lamp. 


Shunting signals. — The small signal 
arms for shunting purposes are made 
and worked in the same way as ordinary 
arms. 

Operating a small three-position signal 
arm is accomplished by means of a ba- 
lance lever with unequal arms. Some- 
times, however, when the signal is very 
close to the cabin, and circular levers 
with a long stroke are used in it, the three 
positions of the warning arm can be 
obtained exactly by means of one lever 
only worked with two movements. A 
notch cut in the frame at half travel deter- 
mines the position of the lever when the 
arm is inclined at an angle of 45°. 
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Creosote shortage threatens wood preservation, . 
By C. M. TAYLOR, 


SUPERINTENDENT TIMBER PRESERVATION, PHILADELPHIA & READING 
AND CENTRAL RAILROAD OF NEW JERSEY, PORT READING, N. J. 


(Railway Age.) 


The increasing cost of creosote oil 
presents a problem to those engaged in 
wood preserving which would be seri- 
ous enough if expense alone were in- 
volved; but.the graver question of a 
shortage presents an issue that should 
be faced fairly, and promptly, if the 
80 million ties that should be treated 
chemically every year are to be pre- 
served. 

Examples of ties treated successfully 
with oils of unknown origin or compo- 
sition mark the early days of wood pre- 
servation. For instance, some ties: were 
treated for the Central Railroad of New 
Jersey in the 70’s with a preservative 
which was called « Still Bottoms >» which 
was apparently of petroleum origin. 
They were in track for over twenty- 
five years and contained preservative 
enough to prevent decay indefinitely if 
the mechanically destructive agencies 
responsible for their removal had been 
properly controlled. 

That this and other examples of ties 
treated with oils other than creosote 
have not been duplicated generally is 
because the chemical and toxic proper- 
ties of such other oils have long been 
indetermined, and because so long as 
dead oil of coal tar, called creosote, con- 
tinued available, cheap, and satisfactory 
it was used freely and the question of 
substitute oils was not considered. Fur- 
thermore, the < safety-first > idea of pure 
creosote oil was carried to a < pure-food- 
law » extent, until engineers generally 
have been educated to the belief that 
nothing but pure creosote oil should be 


used as a preservative for ties. The 
psychology of the situation lies in the 
fact that to date all attempts at specifica- 
tions have been to fit the creosote oil 
produced, rather than to fix the man- 
ufacture of an oil for the use intended. 
Consequently a pure product has been 
specified on the supposition that only 
with such a one could there be safety 
and satisfaction in its use. However, no 
positive chemical or physical analysis 
has been developed to date which will 
prevent circumvention of the standard 
specifications if a manufacturer desires 
to deceive, and therefore oils not dis- 
tilled from pure coal tar have been 
palmed off as pure creosote, creating 
in the industry a situation, too long 
tolerated by some and fostered by others, 
which has been excused on the score of 
the chemical complexity of pure creo- 
sote and its economic status. 

Through the technical supervision of 
their treating operations railroads have 
discovered that oils delivered as pure 
coal tar creosote contained water gas tar 
or water gas creosote. 

Despite clamor against water gas tar 
by certain creosote oil interests and 
their allies, who were asserting how in- 
ferior it was for wood preserving pur- 
poses and how its presence must be 
guarded against at any cost in the pur- 
chase of creosote oil, large amounts of 
water gas tar were at the same time 
being mixed with creosote oils and sold 
under labels and prices which _ fully 
warranted the consumer in believing 
that pure creosote oil was being obtained. 
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To see so much water gas tar pro- 
duced in this country as such and to 
know that it lost its identity and even- 
tually came forth as coal tar creosote 
should create the impression that much 
assumed in the past about the sanctity 
of pure coal tar creosote has been based 
on faith rather than fact. 

Condemning water gas tars on one 
hand and selling them in mixture with 
creosote oil on the other could not last 
forever, especially since some large rail- 
roads have been knowingly and openly 
using such mixtures with signal success 
for years. 

Fortunately there are ties treated with 
pure water gas tar creosote ‘oil which 
are in just as good condition, from the 
standpoint of preservation, as when they 
were installed; which” controverts the 
idea so actively put forth that the only 
way to get results is to use pure creosote 
oil, because it was toxic, had tar acids 
in it, and, to be further sure, it had some 
high boiling compounds which were not 
only permanent but apparently toxic 
also. 

The old idea that tar acids must be 
present in oils is having to be revised, 
and failure to take cognizance of the 
lack of necessity for it is to hide our 
heads in the sand. According to Bul- 
letin 1036 of the U. S. Forest Products 
Laboratory, high temperature oil tars (of 
which water gas tar is practically the 
sole example) are « characterized by the 
almost entire absence of tar acids and 
tar basis >. 

The satisfactory results from the use 
of pure water gas. tar creosote for .sev- 
eral years by the Public Service Railway 
of New Jersey should be evidence enough 
that water gas tar, far from being a de- 
triment in the preservation of wood, 
has a rightful place as a wood preser- 
vative. Notwithstanding the steadily 
accumulating evidence as to the wood 
preserving value of water gas tar creo- 
sote, railroads are being advised to avoid 
its use. The maintenance of this posi- 


‘having. thin 


tion is worthy of note in view of the 
common knowledge that large quanti- 
ties of material mixed with coal tar 
creosote’ were used in the past with 
excellent results. Some railroads have 
used water gas tar in mix with zinc 
chloride in the Card process, with re- 
sults which vary from excellent to not 
so gratifying. No water gas tar oil meet- 
ing the A. R. E. A. specifications for the 
Card process has been reported as hav- 
ing proved unsatisfactory. 

Due to the competition for their use 
in conjunction with or as road oils, wa- 
ter gas tars and water gas creosotes have 
risen in price, so that it is now impos- 
sible to buy them at prices much under 
those for coal tar products except when 
at certain times in the winter the limited 
storage facilities at. most water gas tar 
plants force these tars on the market 
and they may be obtained at figures - 
slightly lower than those for coal tars. 

Since enough water gas tars or oils to 
be diluted with or substituted for creo- 
sote oils cannot be had, other diluents, 
which some authorities consider better 
fitted than either coal gas or water gas 
tars, come into consideration. These are 
certain grades of petroleum oils. 

In 1910 a paper before the American 
Wood-Preservers’ Association gave the 
practice of one large railroad. Since 
that time another trans-continental road 
has used a mixture of crude petroleum 
and creosote and coal tar, a heavy com- 
bination but a usable one when the 
penetration is restricted as in Jack Pine, 
Mountain Douglas Fir, and such species 
sapwood. To »some the 
mixing of creosote oil with petroleum 
oil appears like opposing the trend of 
developments, which have seemed to 
tend toward more detailed attempts to 
get a pure coal tar creosote. But is it 
really in opposition to actual develop- 
ments? 

Creosote oils obtained from coal tar 
produced at recently established coke- 
ovens do not generally meet the present 
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requirements of the American Railway 
Engineering Association. The present 
specifications applied to some oils im- 
ported into this country some fifteen or 
twenty years ago would not permit their 
classification today as pure creosote oils. 
Furthermore the tendency is to produce 
lower temperature tars and these tars, 
whether originating in coke ovens or 
from recent developments in an attempt 
towards more economical gas produc- 
tion, will certainly make available large 
quantities of tars, which will not pro- 
duce creosote according to our present 
recommended practice. These changing 
conditions in the production of pure 
coal tars alone will require intelligent 
revision of our standards if we should 
continue to demand pure coal tar creo- 
sote for preservation of cross-ties. Some 
of the low temperature coal tars run 
high in phenoloids and have consider- 
able quantities of paraffin hydrocarbons. 


To continue to treat cross-ties with 
pure coal tar creosote oils seems to be 
a waste, and the use of cheaper mixtures 
with .certain petroleum oils has given 
results which justify its adoption by rail- 
roads. There seems good reason for be- 
lieving that a 50-50 mixture of creosote 
oil and petroleum oils of the proper 
character can be relied on to prevent 
decay in any tie that is sound when 
accepted, properly seasoned for treat- 
ment, and thoroughly and evenly pene- 
trated throughout its penetrable portions 
with an average of 6 pounds of the. 
mixture per cubic foot. 


Although cheapness alone would be 
sufficient: warrant for the adoption of 
the creosote crude oil mixtures, there is 
a further great benefit to be gained by 
their use, and that is their wonderful 
fiber binding quality, as seen in a recent 
survey of the situation during which 
thousands of ties were examined. The 
usual brooming of the fiber seen in ties 
treated with zinc ‘chloride varies with 
the different kinds of wood, but almost 
all zine chloride treated ties have a 


dried out appearence, and in time the 
annual rings separate and the fibers of 
each ring come apart. This results in 
reducing the mechanical life of the tie 
and also increases the leaching of the 
preservative. The Card process did 
much to counteract this leaching and 
also worked wonders in fiber binding 
compared with the Burnett process. 


Creosote oil used: alone has. proved a 
still better fiber binder and its super- 
iority despite its greater cost is generally 
acknowledged; however it has been used 
in excess: of any requirements for the 
prevention of fungus growth. Its fiber 
binding qualities vary with different 
creosote oils, depending on their origin 
and pitch content. If. the pitch residue 
eventually becomes so.hard as to be 
brittle, very little good is had of it. 
These properties have been generally 
lost sight of or not sufficiently appreciat- 
ed because the end. desired was not 
always understood and consequently not 
aspired to. 

Yet mixtures of creosote oil and cer- 
tain grades of petroleum oil seem to give 
better results in fiber binding than any 
of the pure creosote oils. Thousands 
of mixture treated ties in track with 
creosote oil treated ties show how much 
better preserved mechanically the mix- 
ture treated ties are, and provide suffi- 
cient evidence that the use of certain 
grades of petroleum oils mixed with 
creosote oil is not only a cheaper but a 
better proposition, Furthermore the 
protection against wood-destroying fungi 
by the creosote crude oil mixtures seems 
to be just as efficient as when straight 
creosote oil is used. 

However, even. if coal tar creosote oil 
is considered necessary as a basis for 
mixtures with petroleum oils, there is 
adequate assurance of safety if there is 
toxicity equivalent to one-fifth of a 
pound .of creosote oil per cubic foot, the 
work of the Forest Products Laboratory 
proving this a minimum which would 
inhibit the growth of Fomes annosus 
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a virulent type of wood-destroying fungi. 
Dean and Downes have developed sup- 
porting data along these same lines. 


Millions of ties have been treated in 
this country with an average of 5 pounds 
of creosote oil per cubic foot, and a 
reasonable evaporation factor of 50 % 
at the end of ten years would leave only 
2 1/2 pounds per cubic foot, which 
means that any wood which has been 
thoroughly impregnated with creosote 
oil, no matter how great the evaporation, 
no matter how little oil was required to 
impregnate the wood thoroughly, such 
treated wood has proved satisfactory. 
From the above it begins to look as if 
ties have been over-treated from a toxi- 
city standpoint. 3 pounds of creosote 
properly distributed has saved thousands 
of ties from decay and anything in ex- 
cess of 3 pounds of creosote per cubic 
foot is first a factor of safety and second 
a fiber binder. 

Much confirming data of the success- 
ful preservation of ties with the use of 
such small quantities of preservative oil 
thoroughly permeating the treatable por- 
tions of the ties can be had from indi- 
vidual tie weighings in connection with 
the installation of test sections on vari- 
ous railroads. 

Past and present objections to so-cal- 
led blast furnace oils, which run rather 
high in tar acids are sometimes based on 
failures supposed to be due to the use 
of blast furnace oils. These oils were 
used successfully in timber treatment 
for years, but owing to trade antago- 
nisms have not been used so largely of 
late. There is no reason why, if toxi- 
city is required in wood preserving oils 
and if the price is right, coal tars, water 
gas tars or petroleum oils cannot be 
combined with blast furnace oils in 
efficient and economical mixtures con- 
taining sufficient toxic properties, etc., 
to meet the general average require- 
ments and at the same time be relati- 
vely permanent. 

Merely mixing any creosote oil with 
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any petroleum oil is not the proper pro- 
cedure, however. Some creosote oils 
mix easily with some petroleum oils and 
the mixture can be used readily and 
held in proper equilibrium by air agita- 
tion in the working tanks. Certain oils, 
however, are prone to precipitate a re- 
siduum when mixed with creosote oils, 
and crude oils having this tendency to 
a serious extent should be avoided. 
What is needed is an oil containing suf- 
ficient residue of such consistency that 
it will continue plastic enough through- 
out the life of the tie to act both as a 
fiber binder and as a moisture barrier, 
in addition to its preservative quality. 

It will be remembered that the report 
of the Committee on Preservation of 
Timber, presented and accepted at the 
annual convention of the American So- 
ciety of Civil Engineers in 1885, men- 
tioned that even paraffin base oils satu- 
rating ties already in track extended the 
life of inferior woods several years. 
Also, in the recent developments of oil 
spraying of rail and track fastenings, 
much beneficial effect is noted where 
the oils spray the surface of the ties. 

The problem of knowing when a safe 
and workable mixture oil is had will be 
a matter for chemical determination. 
The fact that such oils have been used 
successfully for years should be _ suf- 
ficient evidence that, when properly per- 
formed, the work of mixing and inject- 
ing them can be handled satisfactorily. 
The problems of temperatures and press- 
ures to be used have to be studied as 
was the case when the industry began 
to absorb creosote oil mixed with coal 
tars and water gas tars. 

When credsote oil is not available, the 
toxicity lacking in some crude oils can 
be supplied by mixing the latter with 
zinc chloride, calcium chromate, sodium 
fluoride or some other toxic medium. 
Water gas tar creosote and certain gra- 
des of low temperature tars can be 
mixed with crude oils and used with 
assurance of successfully preserving ties. 


than in. power signalling, and in a case ue 

in our mind, where forty levers Neen aN 0 a 

‘necessary. for mechanical signal ling, BB. Tie 

twenty-eight would be required for pow-_ 

er signalling, and only seventeen levers er a 

for route signalling. * _ Each | 
At. Winchester, where thes fébretias stages. — 


ry 


The benefits iS AN power ‘operation — 
of railway points and signals are well 
known, and there is little necessity for 
their recital. Briefly, they are: 1° the 
locking frame is about one-third the 
ordinary length; 2°. the consequently 
smaller signal-box may be placed in any 
position, as_ there is no point rodding 
or signal wires to « lead away >; 3° there 
is no limit to the distance points, may 
be from the box; -and. therefore 4° one ~ 
box can do the work of two or three | 
mechanically operated boxes; 5 no track ee I 
manual ‘exertion is necessary. for the pennies and the Presence te ay t 
movement of points and signals; and 6° .- ar 
the exact normal and reverse positions 
are guaranteed. - Route signalling goes, 
however, still further, as the movement 
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Insell plant has been installed by the in what is # 
Great Western Railway, the signalling _ position. — T 
is as shown in figure 1. The frame con- — takes it to 
tains only sixteen levers—the numbers the second and lon 
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pletes the stroke and takes it:to the 
« Signal » position. There are two sim- 
ilar movements in the reversal of a lever. 
The first and shorter takes it from 
« Signal > to « Track », and the second 
and longer from < Track » to «< Normal >. 
Thus, in pulling over a lever, the «Track» 
stage is omitted, and in the lever’s re- 
turn the « Route » stage is passed over. 

Referring to the photographic repro- 
duction (fig. 2) illustrating the interior 
of the signal-box, the miniature character 
of the locking frame and its levers will 
be appreciated. ‘Behind the levers are 
four rows of lights. The uppermost row 
has red lamps, the second green, the 
third orange, and the lowest white. 
Normally the uppermost (red) is shown. 
When ‘a lever is moved, if the track be 
clear, the white light is switched in also; 
if the track be fouled no white light ap- 
pears. Thus, should an up train, stand- 
ing at the up platform, have its tail on 
track C, so fouling the path for a down 
train leaving for Southampton, the bot- 
tom light behind lever 15 would not ap- 
pear, thus advising the signalman that 
the lever was locked and it was no use 
to attempt to move it beyond the < Route > 
position. 

If a lever be free the shorter stroke 
from « Normal > to < Route », by making 
the necessary contacts at 24 volts, ope- 
rates the appropriate point contactors 
which’ cause current to be sent to the 
points concerned, and if any points be 
not in their correct position they are 
moved: to suit the proposed movement. 
Thus, again taking lever 15 for an ex- 
ample, it would ensure that points 17 
were ‘normal and set for a trap against 
anything leaving the down - siding. ‘It 
would ,also make the nearer end of 18 lie 
for the main line with its further end 
acting as a trap. It would also set 19 to. 


allow for a movement from the down 


main to-the single line and reverse 21-so 
that it lay towards the up siding and 
acted as a catch point to prevent any- 
thing backing off the up main line. 
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When all this has been done — the 
point movements being made concur- 
rently and not in series — the second 
indicator is illuminated and the orange 
light shown signifies that the route is 
made. A check lock that has prevented 
the full stroke of the lever to « Signal > 
is simultaneously withdrawn; the com- 
pletion of the stroke which lowers the 
signal then becomes possible, and the 
red light is switched out and the green 
light appears. 

The restoration of a lever has not 
quite the opposite effect. As already 
said, it can only go from « Signal > to 
« Track ». This action restores the sig- 
nal, but does not change the position of 
any of the points. When the signal is 
again at < danger » the green light chan- 
ges to red. This does not, however, 
permit of the backward stroke of the 
lever being completed as long as any- 
thing is on the track circuits. concern- 
ed — a condition indicated by the 
white light being out. Thus, whilst 15 
may be put from < Signal » to < Track >, 
and the signal put to < danger », its stroke 
cannot be completed until the train is 
off tracks A and B. In just the same 
way, when any one of signals 2, 3, 4, 5, 
12, or 16 have been used it may be put 
to « danger >», but the full stroke of the 
lever cannot be made until track D is 
clear. Obviously, this condition dispen- 
ses with the necessity for facing-point 
locking bars. When, however, the tracks 
concerned are clear the white light is 
again seen and the lever may be fully 
restored. When restored, the white 
light disappears. 

Those points — e. g., 17, 18 and 20 — 
which aresafety points and prevent 
trains and vehicles leaving sidings, are 
restored so as to act as traps; but, for 
instance, the replacement of 15 would 
not restore 19 nor the restoration of 2 
or 3 cause 22 again to lie for the down 
main line. As long as the safety points 
are put to normal the other points may 
lie as they are and power be saved that 
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would be used were they reversed, and, _ 


later, had again to be moved over. 


Provision for individual operation. 


On the lower front of the locking 
frame are six slides, numbered 17 to 22 
inclusive, which are employed for the 
separate working of individual points 
for cleaning or other purposes. They, 
too, have indications which show the 
signalman the position in which the 
points are lying and that they are obey- 
ing the lever. When they lie as seen on 
the diagram in the signal-box, and in 
figure 1, a green light is shown. When 
points which also serve as safety points 
— e. g., 17, 18, 20 — are not lying nor- 
mal, and therefore not acting as safety 
points, the indication is red instead of 
green, but the red is only switched in 
when the points are changed and are 
not acting as safety points. For points 
the position of which is immaterial — 
e. g., 19, 21, 22 — the alternative indica- 
tion is orange. 

In the event of his being unable to 
set up a route, indicated by the non-ap- 
pearence of the yellow light, the signal- 
man can test the different points by these 
slides. He must, however, first pull 
king lever No. 9 — seen partly over in 
figure 2 — from its normal « Route >» 
position to < Signal » position. This 
action will lock every signal at « danger » 
— incidentally, the lever cannot be pul- 
led if any signal bevat « clear >» — and 
release all the point slides. Such of 
these as are necessary can then be pulled 
to ascertain where the obstruction is. 
When put right and the slides restored, 
the king lever must again be put to the 
« Route » position. In case a lever 
cannot be restored from te « Track >» to 
« Normal >» position, owing, for instance, 
to the track relay failing to pick up, the 
king lever may be pushed from the 
« Route » to the <« Normal > position, and 
this action will release the lever in 
question. The king lever must then 


again be put to the « Route » position, 
because, as already said, all signals are 
locked unless it is normal. 


Interlocking. 


The fact that there are no independent 
point levers in the frame makes it neces- 
sary, to arrange the interlock in an un- 
usual manner. For instance, no inter- 
locking is effected between signals 
through points. Ordinarily, for instance, 
No. 1 signal would lock points 20, and as 
signal 8 would require 20 there is no 
necessity for 8 and 1 to be interlocked. 
Or, again, as 2 and 3 would require 22 
and 4 and 5 would lock 22 there is no 
need to interlock 2 and 3 with 4 and 5. 
All this is altered, and signal 1 locks 
signals 7, 8, 10, 11, 12, 14, and 15, and 
king lever 9. Points 18, 19, 20, and 21 
are also interlocked, but by the route 
lever arrangement. Actually there ap- 
pears greater freedom by this manner 
of interlocking. 

Where this type of lever movement 
is convenient is that when a signal has 
been lowered and the lever is restored 
to « Track » position other levers that 
would be locked when the lever was in 
the « Signal » position would be free when 
in the « Track » position, even with the 
track occupied, provided no alteration 
of route were required. Thus, when an 
up train had to attach a horse box stand- 
ing in the up siding No. 11 lever would 
open 20 and 21 points. The replace- 
ment of 11 to « Track » would put the 
signal to « danger >, and although the 
lever was partly over, No. 8 lever could 
be pulled to lower that signal for the 
train to return to the main line, 

Again, signal 1, after being lowered 
and then restored, is locked in «Track » 
position when signal 2 is at « clear > 
by its lever being in < Signal > position. 
This arrangement ensures that 2 must 
be restored before route No. 1 can be 
interfered with. Signal 12 does the 
same with the routes of levers 10 and 
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11, and 13 and 15 with the route of 
signal 16. 


Signal and point mechanism. 


The locking frame is of an entirely 
new design of Siemens Bros. and Co. 
All electrical contacts are in the locking 
frame and work at 24 volts. The con- 
tactors, controlling the 120-volt circuits, 
are in-the further cupboard on the left 
in figure 2, and the switchboard is in 
that in the foreground on the left. 

The signals are provided with Sie- 
mens’ motors. The point mechanism as 
fixed to the nearer end — to the box — 
of No. 18 points, No. 17 trap points, and 
to the further end of 19, is shown in 
figure 3. The motor and the detector 
switch-box in the foreground are for 
No. 18 points. 
are for No. 19. The covers in the < four- 
foot > have been temporarily turned back 
so as to display the plungers. 

Figure 4, prepared from a drawing 
supplied by Siemens Bros. and Co., is a 
plan of the lay-out at a pair of facing 
points like 18 or 19. The drawing 
shows the points facing from the left, 
whereas No. 18 points, in the foreground 
in figure 3, are facing from the right. 
As seen, the stretcher rod a (fig. 4) 
coupled to both switches, is bolted by 
plunger b, so that the first operation of 
the motor mechanism c is to give a 
right-to-left movement to the rod d so 
that the plunger b is completely with- 
drawn from the stretcher rod. This 
done, the motor engages with a crank 
that pulls rod e so that the switches are 
moved over. The motor continues to 
revolve, and a left-to-right movement is 
given to rod d and the plunger again 
bolts the stretcher rod, but in the other 
slot, seen in the photographic view. 
When the points have to be reversed the 
same movements are imparted to the 
plunger, but the points are moved in 
the opposite direction. The electrical 
switches that ensure that the motor has 


Those in the background- 


done its work are in the box f. Rod 1 
is coupled to the further switch, 2 to the 
nearer switch, and 3 detects the plunger 
movement by means of the plate g. 


A new facing point lock. 


The facing point plunger is the Great 
Western Company’s new pattern, of which 
the main feature is the manner in which 
the action of the plunger is detected. 
It is shown in figure 4 that the third 
rod 3 for the detector f came from the 
plunger. Figure 5 gives the details of 
this. The plunger D is bevelled at bi as 
shown. Its longer end lies in the cast- 
ing fh, and at right angles thereto is the 
stretcher rod a (fig. 4) in the slot ht. 
When the points are unlocked the 
plunger is, as has been said, clear of the 
stretcher rod. In the recess h? lies the 
cross-motion plate g with corresponding 
bevels to those on the plunger. This 
plate is at right angles to the plunger — 
as seen in figure 4 — and not as might 
be assumed from figure 5. The rod 1 is 
coupled to g', and its operation needs 
no description. 

An interesting detail is the safety 
spring, seen with its cover removed in 
the foreground in figure 3. This is an 
arrangement provided to prevent point 
connections being damaged should the 
switches be run through in a trailing 
direction when closed against such a 
movement. When that happens the 
switches are forced over and they and 
the point connections damaged. There 
is, too, consequential delay to traffic. 

Figure 6 makes the arrangement 
cléarer. The operating rod d (fig. 4) 
is in. two parts, the ends of which are 
inside the cover just referred to. The 
blade A is coupled to the stretcher rod 
and blade B to the rod from the signal- 
box. At the outer end of each are two 
cotters, and lying between each pair of 
cotters and around the two blades is a 
spiral spring. This spring has sufficient 
resistance to move A and B together, but 
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- is sufficiently resilient to yield to such 
undue pressure as would fall upon it 
should the switches be forced over 
against or away from the rodding. After 
this pressure had been removed the 
spring would return the switches to 
their former position. The blades are 
slotted so that if compressed they may 
dovetail. 


It only remains for us to express our 
thanks to Mr. A. T. Blackall, M. Inst. 
C, E., the signal and telegraph engineer 
of the Great Western Railway, for an 
opportunity to inspect and describe this 
interesting new departure in railway 
signalling, and to Siemens Bros, and Co., 
Limited, Caxton House, S. W. 1, for 
their co-operation. 


MISCELLANEOUS INFORMATION 
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1. — 100-ton Gondola car with four-wheel trucks. 
Figs. 1 to 4, pp. 708 and 710. 


(Rathouy Mechanical Engineer.) 


About two years ago the Pressed Steel Car 
Company built a sample coal car which was 
designed especially for transporting coal to be 
dumped in a car dumper and with the idea of 
carrying the greatest amount of coal on two 
four-wheel trucks. The car has a stenciled 
capacity of 182000 lb. or. 3212 cubic feet. 
When heaped with a 10 % overload, the capa- 
city is 200 000 lb. or 3703 cubic feet. As the 
car is always emptied in a car dumper it is 
not equipped with hoppers or drop doors, being 
of the flat-bottom, high-side gondola type. 
The light weight of the car, including the two 
four-wheel cast steel trucks, is 59 000 lb, and 
when loaded to capacity the wheel-load on the 
rail, 64 750 lb. per axle, is somewhat less than 
the maximum allowed for locomotives. These 
wheel-loads are greater than has been the gen- 
eral practice heretofore and on this account 
some doubt has been expressed as to the prob- 
ability of satisfactory operation. This sample 
car has now been in service on the Virginian 
for more than a year and has a record of 
about 10000 miles in coal traffic. No undue 
wear has so far shown up on any of the run- 
ning gear or other parts, although the wear 
of wheels and brake shoes has, of course, been 
proportionately greater than on similar car 
with six-wheel trucks. The car is reported 
to have been found satisfactory in all respects. 
The test shows that it is feasible and therefore 
more economical to use four-wheel trucks on 
cars of even such high capacity. 

The car is 44 ft. 7 1/2 in. long over striking 
plates and 11 feet high from rail to top of 
sides. The inside dimensions of the body are: 
length, 43 ft. 3 in.; width, 10 ft. 1 1/2 in., 
and depth, 7 ft. 5 1/2 in. 


Except for the substitution of four-wheel 
for six-wheel trucks, the design is practically 
the same as that of the 100-ton coal cars used 
on the Chesapeake & Ohio which were describ- 
ed in the Railway Mechanical Engineer, Octo- 
ber 1921 (1). The four emergency drop doors 
used on the Chesapeake & Ohio cars are omit- 
ted, however. In the omission of all bottom 
doors on high capacity cars designed for un- 
loading by a car dumper, this design follows 
the practice on the Virginian and the Norfolk 
& Western. 

Of the light weight, 59 000 Ib., the body is 
35000 Ib. and the two four-wheel trucks 
24000 lb. The two six-wheel trucks used on 
the Chesapeake & Ohio car weighed 33 400 Ib., 
making the light weight 68300 lb, and the 
loaded weight 268 300 lb, The ratio of paying 
load to the total weight of the loaded car was 
74.6 % with the Chesapeake & Ohio design. 
By substituting four-wheel trucks, there has 
resulted a saving of 9300 Ib. per car while 
the revenue load has been increased to 77.2 % 
of the total. 

The sides are free from outside side stakes 
or other projections outside the plane of the 
side sheets, thus giving the car a smooth 
straight surface and at the same time provid- 
ing for the required cubic capacity in a mi- 
nimum length and height. The sides are form- 
ed of 1/4-inch plates, sloped in near the top 
at an angle of approximately 15° and then 
flanged out, overlapping the horizontal leg of 
the 4 inch by 4 inch by 7/16 inch top angle 


(1) See Bulletin of the International Railway 
Associatiun, January 1922, p. 288. 


Fig. 2. — Four-wheel truck with cast steel frame aud clasp brake. 


Fig. 3. — End view of truck showing design of clasp brake. 
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to which they are riveted. With this construc- 
tion the car is easily cleared of its loading 
when turned to the proper angle by the dump- 
ing machine. Along the bottom, the sides are 
reinforced by 4 inch by 3 1/2 inch by 3/8 inch 
angles, which angles also support the floor. 
Near the ends the side sheets are dropped back 
into the car to provide space for the ladders 
and grab irons inside the clearance limits, and 
to afford protection to ladders in car dumpers 
and elsewhere.. The sides are braced on the 
inside by 11 1/4-inch gussets on each side and 
are tied together by two pressed steel cross 
ties extending from side to side near the top. 
The ends are composed of 1/4-inch plates rein- 
forced and stiffened by two pressed steel cross 
braces and a bulb angle across the top. 

The centre sills are 12-inch channels weigh- 
ing 35 lb. per foot, spaced 12 7/8 inches apart 
and extending from end to end of the car. 
They are reinforced at the bottom by 
3 1/2-inch by 3 1/2-inch by 3/8 inch angles 
between the rear ends of the draft gear hous- 
ings. The sills meet the A. R. A. requirements 
of 30 square inches area and ratio of stress 
to strain of 0.05. The centre sills are reinforced 
at the coupler opening with a cast-steel com- 
bined striking plate and carrier iron making 
a substantial arrangement with no chance of 
the carrier iron becoming loose or the holt 
being lost.. There are three cross beams in 
the underframes between the ‘bolsters, made 
of pressed steel 12 inches deep, substantially 
reinforced at top and bottom to transmit the 
load to the sides of the car. 

The floor, which is flat throughout its en- 
tire surface, is made of 1/4 inch plates and 
in addition to being supported by the sills, 
cross bearers, etc., is supported and braced by 
two pressed steel diaphragms and two 5-inch 
bulb angles. The body bolsters are of cast 
steel, 30 inches deep, in one piece, located 


inside the body and securely riveted to centre 


sills, floor plates and side sheets. 

The couplers are special A. R. A., type D, 
cast-steel, with 6-inch by 8-inch shank, 24 1/4 
inches long with a 5:1/4 inch by 6-inch tail, 
slotted for a 6-inch by 2-inch draft key. The 
coupler yokes are of cast steel and the draft 
gear is of Miner design, type A-18-S. 


The trucks are of the standard four-wheel 
type with cast steel side frames of conven- 
tional design. The truck wheel-base is 5 ft. 
10 in. and the distance between truck centres 
is 30 ft. 7 1/2 in, The location of the springs 
and the method of attaching the A. R. A. 
standard. journal boxes with tiebars, as well 
as the method of spring plank arrangement, 
are of the usual design used on practically all 
modern four-wheel trucks. The cast steel side 
frame and truck bolster were manufactured 
by the Buckeye Steel Castings Company, Co- 
lumbus, Ohio, and are proportioned to the 
heavy loads imposed. 


These trucks are equipped with clasp brakes, 
thereby avoiding the excessive brake shoe pres- 
sures which would have been the case with 
single brakes for trucks of this capacity. 
The brake beams are formed of 5 inch I-beams 


weighing 10 Ib. per foot. 


The design of the outer brake beam support 
and the method of attachment to the side 
frame structure is worthy of special notice. 
As will be observed from the illustrations, the 
outside brake hanger bracket at each end of 
the side frame is a separate casting and is 
held in place without the use of bolts and 
rivets other than the bolts which connect the 
journal boxes with the side frame. The ad- 
vantage of this construction is that these 
overhanging parts are separate castings and 
due to liability of damage in wrecks or de- 
railments, the subsequent loss is not as much 
as if they were integral with the side frame. 
It also has added manufacturing advantages 


resulting in economy of production. 


The truck bolsters are of typical Buckeye 
design with channel section top and bottom 
members, cylindrical centre post and integral 
centre plate. The diameter of the latter is 


16 inches and width of bolster at ends is 


20 inches, with a depth at centre of 14 inches. 
The spring plank is of built-up channel section 
design, 14 inches wide at the centre. The web 
is formed by a plate 14 inches by 1/4 inch, 
6 feet long, which is riveted to the 3 1/2-inch, 
leg of the 4 inch by 3 1/2 inch by 7/16 inch 
angles which form the flanges beyond the web 
plate. At each end the angles are spread to 
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a width of 20 inches to conform to the spring 
seat construction and width of bolster opening 
of the side frames to which both the vertical 
and the horizontal legs of the angles are secur- 
ed by rivets. 

Stucki side bearings with solid rolled-steel 
roller of 4 inches diameter are mounted on 
the cast steel bolsters 2 ft. 1 in. to each side 
of the centre line. Special integrally ribbed 
construction inside of the bolsters is provided 
to carry the heavy side bearing loads. 

The truck springs have a total capacity of 
468 000 lb. per car when solid and consist of 
four nests, each containing six double-coil he- 
lical springs similar to A. R. A. Class D 
springs, but having outer and inner coil dia- 
meters 1-5/16 inches and 11/16 inch respecti- 


_ vely and a free travel of only 1-1/2 inches, 


The wheels are multiple-wear rolled steel, 
33 inches, in diameter and of standard A. R. A. 
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contour. Journal boxes and wedges are of 
cast steel. The A. R. A. axle capacity for the 
6 1/2 inch by 12 inch journals is 60000 lb. 
The load on one truck, in this particular car, 
was considered 120000 Ib. The area of the 
centre plate bearing surface is 190 square 
inches. j 

‘The car is equipped with Westinghouse 
empty and load brake, schedule KDE-4-10-16, 
having a 4-inch take up cylinder, a 10-inch 
cylinder for use when the car is empty and 
an additional 16-inch cylinder for use when 
the car is loaded. The brake rigging is de- 
signed to give a 60 % braking ratio on the 
empty car and 40 % on the loaded car. The 
wheel loads are 7375 lb. when empty and 
32 375 lb. when loaded. With two shoes per 
wheel the nominal shoe pressures are 2 212 Ib. 
light and 6475 lb. loaded, which are not ex- 
cessive. 


2. — Arrangement of stations served with double lines 
on the Northern Railway of France. 
Figs. 5 to 8, p. 712, 


(Revue générale des chemins de fer et des tramways.) 


The new arrangement for stations with 
double lines as adopted by the Northern Rail- 
way of France in rebuilding its stations and 
goods yards is shown in the following four 
diagrams, in which are given the respective 
positions of the main building, and the lay- 
out on either side of the level crossing on the 
up and down sides of the line. The road 
crossing the line is generally perpendicular 
to the latter. d 

In all cases an endeavour has been made to 
utilise the staff as advantageously as pos- 
sible, to have a signalling systemr-that is good 
by reason of its simplicity, and to take special 
care as far as safety is concerned. 

It is of the first importance to be able to 
shunt into a siding as quickly as possible, 
any goods trains coming from any direction 
when it is necessary to have the line clear for 
a faster train which should have precedence. 

In order to accomplish this, it is an essen- 


tial condition that as soon as the slower train 
has been received, it should be backed into its 
siding without sending it « too far », and 
especially to avoid blocking the main line 
adjacent to that on which it is running, 

To achieve this, it is necessary to have 
independent siding accommodation for each 
direction in which the trains run, and which 
sidings may if necessary have dead ends. 

On the other hand, it is important that 
when a train has to be shunted for some 
time, its engine may be used for the various 


‘duties in the goods yard, such as disposing 


of wagons it has brought along, and picking 
up others that it may have to take on further, 
and also put into proper order wagons that 
have to proceed by another train in the op- 
posite direction, 

Finally, it is absolutely necessary that the 
crossings connecting the main lines to the 
sidings on each side of them are as near the 
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principal building as possible, so that all the be easily supervised by the foreman in charge, 
operations taking place on the main line and who will thus have them almost constantly 


in the signal boxes which protect them may under his eye. By this method, the number 
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Figs. 5 to 8. 


Explanation of French terms : Cour des marchandises = Goods yard. — Jonctions de secours = Crossings used in case of necessity 


of signals, connections and bell’ controls is kept | without blocking the main lines unnecessarily. 
low, so that great simplicity is obtained in In many cases it is the main line which comes 
addition to greater security. alongside the principal building, because it 

On the other hand, it often happens at a has not been possible to put in an accessory 
station that it is necessary to send wagons line. In ‘such cases, in order to pass from a 
to yards situated on both sides of the line yard in the up direction to one in the down 
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direction, it is necessary to make use of the 
main down line, and when working in the 
reverse direction, to first of all cross the 
main up line twice at the beginning of the 
operation, and also the main down line twice 
at the end of the operation, 

It was in order to find a solution to the 
problem and do away with this inconvenience 
that the arrangements shown in figures 5 to 8, 
as typical examples, have been designed, and 
we will explain how they are utilised by refer- 
ring to figure 6. 

A goods train arriving from A is immedia- 
tely backed by means of the crossing ef into 
the siding g' specially arranged for the pur- 
pose on the left, which is essential on account 
of it being necessary to clear the main line as 
soon possible. This is the first phase of the 
operations. 

The goods train being thus placed out of 
the way, the front portion is uncoupled and 
passes forward along the line k in order to do 
the required shunting in the yard. The work 
being finished, this portion returns to the rest 
of its train left on g! and waits until it may 
leave. This being the second phase. 

The time for departure having arrived, the 
train runs on to the main line over crossing fe 
under the eyes of the station-master himself. 
This being the third and final phase. 

For trains coming from the opposite direc- 
tion, a fourth phase is often necessary, because 
when the shunting operations are finished in 
the yard, the engine cannot always return, 
directly on to its train, but may have to wait 
until both main lines are clear. The procedure 
is then as follows : 


First phase. — Immediately shunted by 
means of crossing 7 into the right hand sid- 
ing g?. 

Second phase. — The front portion of the 
train, which has been shunted as soon as both 
lines are clear, crosses to the other side by 
means of ifk in order to do its work in the 
yard on the south side. , 

Third phase. — After it has finished, this 
portion returns through fei to be coupled up 
to the remainder of the train waiting on 92. 

Fourth phase. — Finally the train starts, 


regains the main line and proceeds on its 
journey. 


The figures show also, at the far ends of the 
station, crossings between the main lines and 
the sidings which have been spoken of as 
being usually fitted with dead ends. ‘These 
connections, however, are only used in cases 
of accident and not in ordinary working, and 
normally are only used when something gets 
off the line in the station. They in fact prov- 
ide accommodation which had to be arranged 
during the war on lines with heavy traffic, 
like that at Boulogne for instance, the junction 
with the main line being made 500 m. (550 
yards) from the station so as to reduce the 
distance of piloting. They are thus very well 
placed for the work they were expected to do 
in case of necessity. 

It will be seen that by this means piloting 
through the lie-by can be effected very quickly 
by the chief foreman of the yard without 
having to call for assistance from the nearest 
stations in either direction, and consequently 
the work is carried out in a much quicker and 
safer way. 

These arrangements make it possible to 
work a service of pick-up goods trains run- 
ning short distances, the locomotive of which 
ean also carry out the marshalling and shun- 
ting of wagons at each station it stops at. 
For this purpose a gang of experienced shun- 
ters accompanies the trains, making it un- 
necessary to have, at certain stations — with 
the exception of the foreman responsible for 
safety in working — anyone beyond the usual 
staff of clerks, checkers and porters. 

It must not, however, be thought that doing 
this means that the first stage of quadrupling 
the line has been accomplished. 

It was something to have had the foresight 
to place the principal buildings further away 
in order to bring this quadrupling within. the 
limits of possibility, but in any case the line 
placed between the buildings and the first of 
the main lines is above all a line for local 
traffic. This may be lengthened on each side 
of the station according to requirements in 
order to couple up to branches which may be 
some distance away from the crowded centre 
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that has to be supplied and where there may 
be only room to fix a workshop and workmen’s 
houses. By this means it is always possible 
to be in direct communication with the sta- 
tion, when a connection directly with the main 
lines would not be allowed. 

The line running in front of the main 
building is rather a service line than a line 
for circulation of trains, and differs from the 
latter by the fact, that instead of requiring 
an excavation being made in the roadway 
with a space on each side, it is laid down 


level with the roadway itself like tramways 
in the streets, and lines in harbours, which 
have to be crossed by vehicles. In this way 
there is all the freedom necessary in front of 
the main building for passengers and dealing 
with luggage or such articles that have to be 
placed in or taken away from the trains, this 
line being only used for passing from one end 
of the station to the other at intervals which 
are often many and long between the times 
when passenger trains are making use of the 
latter. 
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Stuyvesant FISH, 


Director of the Missouri, Kansas & Texas Railway; 


President of the seventh session (Washington, 1905) of the International Railway Congress Association ; 


Life member of the Permanent Commission of that Association. 


We have learnt with the deepest regret 
of the death of one of our most esteemed 
and sympathetic American colleagues, 
Mr. Stuyvesant Fish. 

He was elected a Life member of the 
Permanent Commission of our Associa- 
tion after the very successful session in 
Washington in 1905, at which session 
he acted as President with such distinc- 
tion. 

We reproduce below a memoir of him 
which appeared in the Railway Age, and 
we offer to the family and numerous 


VilI--7T 


friends of the colleague, whose decease 
we so deeply regret, our sincerest sym- 
pathy. 


The Executive Committee. 


Stuyvesant Fish, of New York, from 
1887 to 1907 president of the Illinois 
Central and prominent in railroad fi- 
nancial affairs up to the day of his 
death, died suddenly of heart disease in 
New York on 10 April, at the age of 72. 
Mr. Fish was born in New York City 
and had lived there all his life. He was 
a clerk in the New York office of the 
Illinois Central and later served as se- 
cretary to the president. About 1876 he 
was elected a director of the company 
and took a prominent part in the oper- 
ations leading to the acquisition of the 
lines south of the Ohio River, which 
now form that part of the Illinois Cen- 
tral System. He was chosen second 
vice-president in 1883, first vice-pres- 
ident in 1884 and president in 1887. 
His retirement after twenty years of suc- 
cessful management was due to the ac- 
quisition of control of the stock of the 
road by E. H. Harriman, which change 
was accompanied by acrimonious strife 
extending through several years. He 
was afterward interested in other rail- 
roads and was a director in the Missouri, 
Kansas & Texas at the time of his death. 

Many railroad men will remember 
Mr. Fish principally through his connec- 
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tion with the American Railway Asso- 
ciation of which he was president in 
1905. The year in which that associa- 
tion entertained the delegates to the 
International Railway Congress on the 
occasion of the meeting of that Congress 
at Washington. Since then M. Fish has 
been a member of the International Rail- 
way Association. The visit of the Eu- 
ropean delegates to America in 1905 was 


the only occasion on which the Amer- 
ican Railway Association ever exercised 
a notable social function, and Mr. Fish 
was. perhaps its only president who com- 
bined the requisite personal qualities, 
that is, he was a railroad officer a mil- 
lionaire, and a leader in social life. And, 
as was observed by a biographer who 
knew him, he had more than wealth, 
lineage and brains; he had character. 
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HEPWORTH (W.), associate member of the Institution of Civil Engineers, & LEE (J. T.), 
member of the Permanent Way Institution (Gold medallist), — Railway permanent way. Dimen- 


sional theory and practice. 


A manual for engineers, inspectors, foremen, etc., with tables. — 


One volume (7 X 4 3/4 inches) of xv1 + 404 pages, 50 tables and figures in the text, and 
7 full page photographs. — 1922, Chas. Sever, 40, King Street West, Manchester. — 


Price: 12s. 6d. or 13s. post free. 


Questions dealing with permanent way 
are described in this work in a very 
practical manner. Numerous sketches 
are used which illustrate the text very 
clearly and a number of complete tables 
deal with the theoretical portion of the 
work. All problems are dealt with in a 
very simple manner, with numerous nu- 
merical examples. The work as a whole 
will be found useful by practical men. 

After a very interesting introduction 
dealing with the general methods of per- 
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manent way, the authors give a series 
of definitions and dimensions relating 
to rails and permanent way. Mathema- 
tical formule are given in connection 
with the more complicated problems, 
such as those of curves and junctions, 
which are extremely well dealt with in 
this work. Tables relating to calcula- 
tions for points and crossings are also 
given. 


J. V. 


BRILLIE (E.), engineer of arts and manufactures, technical adviser to the firm of Merrs. ScuNeIDER 
& Co, — Manuel du mécanicien et du chauffeur de locomotive (Text book for locomotive drivers and 
firemen), for the use of staff operating locomotives and technical school students. — A large 
volome 8Y° (7 1/2 x 5 inches) of xu-+164 pages, with 107 illustrations in the text or on plates. — 
1921, Gaston Doin, publisher, 8, place de l’Odéon, Paris. — Price: 10 francs. 


As the title shows, this book is in- 
tended for those in charge of the work- 
ing of locomotives. It is intended to 
give them the essential points which gov- 
ern the construction and working of a 
locomotive, so that they may be able 
to understand the instructions given 
them easier. It in addition deals with 
the chief details of the organisation in 
sheds and of the running of the locomo- 
tives in service. 

The work is divided into two parts, 


the first dealing with the description of 
the locomotive itself, and the second 
with its working, 

In order to attain this object, the au- 
thor has very wisely omitted detailed 
descriptions which can be found in other 
books of a different character and object. 
He has laid himself out to give in a 
clear and concise manner the work and 
general arrangements of each part. The 
subject matter is illustrated by drawings 
to scale of the essential parts; the vari- 
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ous drawings of the whole locomotive, 
of certain apparatus or of groups of 
parts, often have the various names given 
so that they are understood easily. One 
may mention, in passing, a diagram 
which shows that the movement of a 
slide valve regulator is very different 
from the movement of the handle whose 
movement opens it. The first part of 
the book ends with’a chapter showing 
the principal types of locomotives: and 
in which are brought together a certain 
number of. characteristic outlines and 
diagrams. 

The second part deals with-the work- 
ing of the engines, the manipulation of 
the fire, the attention to be given in the 
shed and the behaviour and points to 
be observed during the run. The author 
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also deals with each special portion of 
the work of the locomotive staff during 
the whole time they are on duty, and 
this is not the least interesting part of 
the book. After dealing with a few prac- 
tical points on firing, he then passes in 
review the various operations carried 
out at the shed, such as cleaning, repair- 
ing and supplying stores to the locomo- 
tive so that it may be in the best condi- 
tion for carrying out its work. His ex- 
planations are accompanied by numer- 
ous useful hints and practical sugges- 
tions. ; : 

This book ought to be of the greatest 
assistance to drivers and firemen, and 
be of real interest to all those interested 
in the steam locomotive. ~ 


COURTEN (Musrtapua Israuim Bey de), colonel of engineers, late chief engineer of the Way and 
Works Department of the railways of Lower Egypt. — Les chemins de fer & voie d'un métre 
(Metre gauge railways). — One large volume 8V° (8 3/4 x 12 inches), 336 pages, with 270 illus-. 


trations in the text, 5 plates and tables. — 1922, 
Grands-Augustins, Paris (VI°). — Price : 30 francs. 


The considerable development which 
has taken place, owing to the employ- 
ment of metre gauge railways, in the 
new parts in Asia, Africa, Australia and 
in America, fully justify a volume of 
information on railways of from 0 m. 90 
to 1 m. 067 (from 2 ft. 11 1/2:in. to 
3 ft. 6 in.) gauge. 

The reduction in the gauge of the 
railway has no detrimental effect, as 
the author shows, on the intensity of 
the traffic. The metre (3 ft. 3 3/8 in.) 
gauge railway has a number of advan- 
tages, such as the reduction in the cost 


Dunod, publisher, 47 and 49, quai des 


of. construction. and of rolling stock, 
quicker construction and economy in 
operation. = se 

The work is divided into two parts. 
In the first of these the author: deals 
with metre gauge lines from a theoret- 
ical standpoint. This is dealt with in 
three chapters : Formation, Superstruc- 
ture and Rolling Stock. 

In the second part is found a resume 
of the practical results obtained in 
Africa, America, Asia, Australia and Eu- 
rope. i 
JiiNG 


